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NEW GRASSES FOR CALIFORNIA, I 

PHALAUIS 8TENOPTERA HACK. 

BY 

P. B. KENNEDY 


A survey of the soil and climatic conditions of California soon 
revealed the fact that most of our grasses, the seed of which is now 
procurable on the market, could not establish themselves and produce 
a strong sod on lands not susceptible of irrigation. Over large areas 
of the state there are good soils receiving moisture only in the form 
of rain on which there is no green pasturage for stock soon after the 
rains cease. This condition may set in as early in the season as May 
1, and may continue during some seasons into November or even 
December. Therefore a perennial grass that will withstand the winter 
temperatures as well as the long, dry season in the great central 
valleys would be of great value to the live-stock industry of California. 
Recent investigations and experiments lead me to believe that I have 
found such a grass. 

Several years ago an illustration of a grass in a trial plot in a 
seedsman’s catalogue from South Africa attracted the author’s atten- 
tion. The report of its behavior under conditions of heavy frosts and 
long droughts made it appear that it might prove valuable under 
California conditions. SufiBcient seed was purchased to sow one- 
twentieth of an acre only, as it was too costly to be considered 
in larger quantities. It was called perennial canary grass, or Too- 
woomba grass, Phahris bulbosa. Perhaps the most authentic account 
of the introduction of this grass is to be found in the following letter 
received from Mr. R, R. Harding, curator of the botanic gardens, 
Toowoomba, Queensland. 
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In 1883 I received twenty-one packets of seeds from Italy. These I put 
in the nursery. All germinated^ but the frost killed all except this wonderful 
grass, Fhalaris commutata. In two years it had taken possession of nearly tlie 
whole plot of ground in the nursery from the seed self-sown. 

It is a perennial. We had to remove the grass, so we dumped the root clumps 
in a corner on hard ground, but it still grew to five feet in height. This was 
during the drouth and frost, and although it was cut it grew again. 

Mr. Harding also concludes with the statement that it was dis- 
tributed by him to all the Colonies, Africa, and even Italy. As will 
be pointed out later, neither Phalaris bulhosa nor Fhalaris commutata 
is the correct scientific name for this grass, as those names belong to 
other and distinct species. 

The seed secured from South Africa under the name of Phalaris 
bulhosa proved to be a strong perennial and to be pure, but not true 
to name. In the same year we planted a twentieth -acre plot with seed 
also called Phalaris bulhosa secured from seedsmen in Australia. It 
proved for the most part to be an annual Phalaris and not the same 
species as that from South Africa, although received under the same 
name. That there were a few seeds in this lot of the perennial species 
corresponding exactly to the grass from South Africa was evident, as 
some fifteen or twenty plants in the plot sown to the Australian seed 
lived throughout the next winter and summer, finally forming strong 
clumps. 

The following year I noticed a sack of seed exhibited by the New 
Zealand Government at the Panama Pacific International Exposition. 
This, too, was labeled Phalaris bulhosa. The seed was so similar in 
appearance to the South African lot that at the close of the Expo- 
sition we arranged for its purchase. "When grown, however, it proved 
to be an annual and not the desirable perennial grass called Phalaris 
bulhosa as received from South Africa. 

A large number of packets from this sack were secured with per- 
mission from the New Zealand authorities by representatives of many 
experiment stations and by the United States Department of Agri- 
culture. We desire simply to call attention to this to avoid further 
confusion and to make plain the fact that Phalaris bulhosa as dis- 
tributed at the Exposition is not the same as the perennial Phalaris 
bulhosa ( ?) from South Africa. It is the latter grass that we desire 
to introduce into California, as the annual species do not offer any 
especial characteristics that would make them any more valuable 
either as pasture or hay than the cereal hays .now so extensively and 
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satisfactorily utilized. That much, if not all> of the seed of Phalaris 
now on the markets of New Zealand and Australia is hopelessly mixed 
seems to be certain ; and also that a selection of the perennial species 
will have to be made before one can recommend the purchase of seed 
from those countries. 

A careful comparison of our perennial plant as grown at the 
University Farm with the original descriptions of Phalaris bulbosa 
and Phalaris commutata soon i)roved that it could be neither of those 
species. On further search of the literature, including descriptions 
of some twenty additional species, the author failed to find a descrip- 
tion that would agree with our grass. I was about to describe it as 
a new species when a paper entitled Gramincae Novae/ ^ by Eduard 
Hackel, was discovered, in a somewhat obscure publication, which 
described the species in qucMStion. In order that this original descrip- 
tion may be made more readily accessible to agronomists, we are 
including it here. We have been distributing seed from our plot 
at the University Farm and more or less confusion is likely to occur, 
as it has been distributed under the incorrect name of Phalaris 
bulbosa. This grass is not described or mentioned in any American 
literature on grasses and forage plants. 

The following description with the accompanying illustrations 
should aid in its identification. 

Gramineae Novae IV. Eduard Hackel in Fedde, Sepertortum novaruni 
Speoierum Begni Vegciahilts, 5, 1908, p. 333, 

Phalaris stenoptera Hack., nov. spec. 

Perenuis, caespitosa, sine stolonibus. Innotationes extravagiualcs, squamis 
elongatis horbaceis purpurascentibus fultae. Cudmi erecti, robusti, ultra 1.5 m. 
alti, teretes, glaberrimi, plurinodes, simplices, internodiis basalibus non incrassatis. 
Vaginae teretes, arctae, internodiis breviores, glaberrimae. L^gtUa rotundata v. 
subtruncata, 5-7 mm. Ig., denticulata, siccando fissa, glabra. Laminae linearis, 
sensim acuminatae, innovationum longissimae (50 cm. v. ultra), 1.2-1.5 cm. latae, 
culmeae superoircs abbreviatae, omnes flaccidulae v. rigidulae, glaberrimae vel 
marginc et in pagina superiore versus apicem scaberulae, virides, tenui nerves. 
Fanictda spiciformis linearis vel lineari-oblonga, (5-16 cm. longa, circ., 1.5 cm, 
lata, densissiina, baud interrupta, non vel obselete lobata, rhachi laevl, ramis 
appressis ramulosis multispiculatis, pedicellis quam spiculae plures v. multoties 
brevioribus scabiis. Spiculae elliptico-lanceolatae, 5-6 mm. longa, albido-viridulae, 
marginibus viri di-stria tae. Glumae steriles 2 inferiores aequalcs, naviculares, 
aeutiuflculae, carina in 8 superioribus anguste (in gluma I, angustissime vel sub- 
obselete) alatae, ala Integra in apicem sensim decurrente, scaberula, trinerves, nervis 
(uno in basi alae, duobus ad latera) saturate viridibus. Gluma III nulla, IV vacua 
1 mm. longa e squamula callosa ovata 0.3 mm, longa et ex appendice membranaceo 
lanoeolato 0.7-0.8 mm. longo infra apicem squamulae inserto apice penieUlato- 
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ciliato constauis. Gluma V (fertUis) 3.5 mm. longa ovato-lanceolata, acuta, clmr- 
tacea, appresse pubescens, tenuissima 5 nervis. Palae glumam aequans, angustior, 
Carina eiliolata. Antherae 3.5 mm. longae. Ovarium glabrum. Caryopaeos macula 
hUaris fere dimidiam caryopsin aequans. 

Patria ignota, culta in Australia sub nomine Phalaridis oommu^atae, Plantam 
et semina misit A. J. Ewart, Melbourne. 

Es ist auffallend, dass diese gut unterschiedene Art, welche in Australien als 
Futtergrass gebaut und sehr gertihmt wird, bisher meines Wissens nirgends 
beschrieben wurde. In Australien wurde sie dureh Mr. Harding, Kurator des 
Botanisehen Gartens in Tuwumba, Queensland (unbokannt woher) under dem 
Namen Ph, oommuiata eingefuhrt und unter diesem Namen von Samenhandlern 
in Melbourne verbreitet. Ein mir vorliegendes Beklameblatt zeigt die Darstellung 
eines dichten Basens van angeblich 7 Fuss (2.2 m.) Hohe, der nach dem Schnitt 
in 46 Tagen wieder eineu 41 Zoll (106 cm.) hohen Basen hervorgetrieben hatte. 
Besonders wird sein wert als Wintergras hervorgehoben. 


This excellent detailed description agrees with onr grass from 
South Africa in ever>i;hing but the sterile florets. As these are used 
as the chief distinguishing characters in the genus to separate one 
species from another, a disagreement in regard to these particular 
structures makes a positive identification diflScult; Our specimens 
show a variation in the sterile florets, one 1.5 mm. in length and 
the other much smaller, .7 mm. The latter may be reduced to a mere 
point protruding from the ovate scale (pi. 1, fig. 4). 

Hackers description is as follows: 

Gluma III nulla, IV vacua 1 mm. longa . . . infra apicem squamulae inserto 
apice penicillato-ciliato constans. 

That Haekel seemed convinced that there was constantly only one 
sterile floret is emphasized by the fact that in a discussion of the 
relationship of the new species, he writes “doch ist der Hiillspelzen- 
fliigel bei Ph. sicnoptera noch schmaler als bei Ph. nodosa und es ist 
stets nur eine kleine Leerspelze (die glume IV) am Grande der Vor- 
spelze”; also “Ein merkmal aber, das sie von beiden genannten Arten 
{Ph. arundinacea and Ph. bulbosa) scharf trennt, ist das Pehlen der 
gluma III, das mir ganz Konstant zu sein scheint. ’ ’ 

Through the kindness of Mr. Harding, who forwarded us some old 
seed from tiie Botanic Gardens at Toowoomba, Queensland, we were 
able to examine original material. There were present in the packet 
some spikelets with two sterile florets, others with one sterile floret, 
and another very minute one and still others with only one present. 
This same condition was found in our specimens grown at Davis and 
which may be seen under sheets nos. 5000, 5001, 5002, and 5003 of 
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the herbarium of the Division of Agronomy, Department of Agricul- 
ture, Berkeley. Among the seeds in the packet from Harding was 
an outer glume whose narrow wing showed distinctly the scaberulous 
margin characteristic of Ph. stenoptera. 

Hackel mentions that be received the plants and seeds from which 
he drew up the original description of Ph. stenoptera from A. J. 
Ewart, of Melbourne. Since the seeds of at least two species are so 
hopelessly mixed in Australia, is it not just possible that the seeds 
sent to Hackel may have been the annual species which constantly 
has only one sterile floret and that the plants were those of Ph, 
stenoptera, the perennial species? 

A most interesting fact in connection with this grass is that it 
should not have been described from Europe previous to its introduc- 
tion to the Toowoomba Botanical Gardens by seed sent from Italy. 
Hackel in his description says “Patria ignota.’’ This from such a 
renowned agrostologist who has traversed the whole of southern 
Europe many times, is of especial significance. Could it be a hybrid 
from other existing species ? 

Ec’Onomic Considerations 

The giving of a name to this grass which will be suitable for 
everyday agricultural usage deserves some consideration. Perennial 
canary grass is not desirable, as there are several “perennial canary” 
grasses. Toowoomba grass is too unwieldy. I propose to call it 
Harding grass, after the man who first grew it in Australia. 

Our experiments demonstrate that the seed may be sown at Davis 
during the winter season so as to take advantage of the rains. The 
young plants, although very slender, almost like threads coming 
through the ground, are very hardy and were not harmed by severe 
frosts. At the same time cotyledons of such hardy species as Mdiloftts 
alba turned yellow and many seedlings were killed outright by the 
drouth and cold. The grass grows rapidly, stooliiig profusely, and 
producing large clumps the first season. A feature of great merit 
from a pasture standpoint is the large number of dense leaf}" shoots 
produced from the base. The first year these are much in evidence 
and comparatividy few flowering culms are sent up. These are only 
about two to two and a half feet tall and bear short, somewhat ovate 
heads. The leafage is devoid of hair}>' coverings of any kind, thus 
tending towards a clean hay and palatable pasturage. 
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The roots are fibrous, radiating downwards to a depth of one or 
two feet. They are covered with a downy coating similar to that 
found on many desert grasses. That they are able to make use of 
slight amounts of hygroscopic moisture in the soil seems possible, as 
when a clump was dug up and placed upon the surface of the ground 
the grass continued to grow, although exposed to severe conditions 
of drouth with no rainfall for several months. 

The plot of Harding grass attracted considerable attention during 
the hot summer months, with its long green leaves showing no tend- 
ency to wilt. It makes a decided contrast in July and August by 
its vivid green among the dry brown stubble of the cereals and other 
grasses given the same care and treatment. We also had occasion to 
observe its behavior during the winter. On the coldest morning, with 
ice everywhere, we visited the grass plot and observed the hoar frost 
on the leaves and the ground frozen, yet the foliage remained green. 
Even our generally recognized hardy grasses like Kentucky blue- 
grass, orchard grass, and red top had turned brown. 

The second year from the seed it still maintained a dense leafy 
growth from the base of about three feet, the flowering culms extend- 
ing about two feet higher, making a total height of five feet. This 
is a growth rarely reached by any of the cultivated perennial species 
of grasses known at the present time. » 

We did not wish to be undei’stood that the Harding grass will 
withstand a lower or as low a temperature as our common hardy 
grasses and that it is adapted to regions with severe winters as in 
parts of the east or middle west. As yet we do not know its cold- 
resistant qualities. The fact that it remains green during the com- 
paratively mild wintei*s at Davis, Yolo County, (California, does not 
indicate the minimum temperature the roots may withstand. In- 
formation as to its latitudinal and altitudinal tolerance is not at 
hand. 

In order that some comparison may be made as to the probable 
adaptability of this grass to other states and to different parts of 
California, we give the following conditions for Davis. 

According to S. H. Beckett, of the United States Department of 
Agriculture, ‘‘the mean annual rainfall is 16.54 inches, the greater 
part of which comes in December, January, February, and March, 
while from May to October very little rain falls. There is con- 
siderable variation in the amount of rainfall in different years. 
Frequently it amounts to 20 inches, but occasionally oply 8.74 
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inches is precipitated. It is the so-called dry years that cause a short- 
age in all farm crops not under irrigation, and interfere seriously 
with the pasturage on the ranges. The mean annual temperature is 
62.7® F, with a known maximum of 112° P, and a minimum of 16° P. 
Intense sunshine prevails throughout the summer. 

Technically the soil is known as Yolo silt loam. Professor C. F. 
Shaw describes it as follows: 

A fine, smooth-textured brown soil at the surface, grading at about three feet 
to a light brown subsoil containing slightly more clay loam or clay. It is usually 
free from gravel. The soil when wet has a tendency to run together and become 
puddled, j>reventing the free downward percolation of water. On drying it 
lends to form a crust on the surface. If plowed when wet it forms hard clods 
and lumps. When handled in the proper condition of moisture, however, it be- 
comes loose and mellow. It has good moisture-holding capacity, is very pro- 
ductive, and adapted to a wide range of crops. 

That the soil has ex<*eptionally good moisture-holding capacity, 
especially at the lower depths, is shown by the following furnished 
us b}^ Professor B. A. Madson. The figures represent an average of 
several plots believed to be similar in all essential details to that on 
which the Harding grass was grown. 


Moistxtre Content of Soil, 3916, Davis 


Depth, 

ft'Ot 

IVr c’«*nt 
Moisturf*, 
April 1 

Per cent 
Moisture, 

Ma> 25 

IV r cent 
Moisturo, 

Julj 7 

IVr cent 
Moistui p, 
August 24 

1 

17.35 

10.34 

10.32 

7.44 

2 

21.91 

12.31 

12.66 

11.32 

3 

27.39 

20.75 

19.47 

17.00 

4 

27.98 

19.84 

20.21 

16.87 

5 

28.60 

25.44 

21.39 

22.01 

6 

34.44 

27.64 

28.98 

27.65 


The land on w'hich the experiment with Harding grass was con- 
ducted had for many years previous been cropped to grain. No 
manure, artificial fertilizer or irrigation were given the plot, nor 
could it have been affected by moisture from any adjacent irrigation. 

A strip six by eightetm feet was cut from the plot on May 25, 
1916, the second year (pi. 7). The estimated green weight of forage 
per acre was twenty tons and of cured hay three tons. There still 
remained on the ground a dense aftermath which would have fur- 
nished good pasturage. Tlie average yield under field conditions 
can not be ascertained until the grass has been grown on a larger area. 

The remainder of the twentieth-acre plot was allowed to go to 
seed. From this we harvested seventeen pounds of seed, 43 per cent 
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of which geminated. This somewhat low viability was due to the 
fact that we had no fanning-mill ^at was suitable for cleaning grass- 
seed, so that much chaff remained. 

From this home-grown seed we have sown an acre in rows mainly 
for seed increase purposes. In addition we have distributed a large 
number of packets to co-operative experimenters in different parts of 
the state in order to find out the range of soil and climate in which 
it might prove valuable. 

In regard to its palatability, 1 have not yet had sufficient personal 
experience to detemine this with certainty. Nor do we know its 
chemical composition or nutritive value. We fed some of the hay 
to work-horses accustomed to alfalfa and they ate it readily. Reports 
from other sources would lead us to believe that it is well liked by 
stock. The following excerpt from the catalogue of a branch of the 
well-known and reliable British seed fim, George Carter and Com- 
pany, located at Pietermaritzburg, South Africa, speaks for itself. 

A magmficeni winter grass for faMy good lands. This is our sixth season 
of experience with this grass^ and we have had no reason as* yet to alter our high 
opinion of its value. For farms where the land is of a poor, light, sandy nature, 
we do not recommend it. But on good, fairly heavy loams (say wherever a 
good crop of Mealies can be grown), or on deep veldt lands, %t ts inagntftoetit. 
The yield of luscious feed is tremendous all the year round, and it is particularly 
valuable for the winter and early spring months, growing even during heavy frost 
and long droughts. The rooting system is very large and deep. In seed the 
plants reach the height of over live feet, while the ordinary growth witliout seed- 
stems is about three feet high, and just like a permanent crop of rich green 
barley. It can be cut continually, growing at the rate of an inch per day. 
While growing with great success on dry lands, it will well repay both good 
manuring and irrigation. 

For dairy farms we can not praise it too highly, particularly for producing 
milk during the colder months, when other food is so scarce; while it is just 
tlie grass to grow near the homestead for cutting for calves, horses, or indeed 
any animal which eats grass. There is no need to say that the cattle relish it — 
it is a difficult matter to keep them fenced out at all from a crop of this grass. 

I refrain from quoting the praiseworthy accounts of it in the 
public press of Australia, as we are unablii to determine whether the 
comments are attributed to Phalaris commutata or Phalaris stenop- 
tcra, both of which (as previously explained) are indiscriminately 
mixed on the seed market of that country. 

Even if the Harding grass should not prove to be adaptable to a 
wide range of territory in California and elsewhere, the immense 
stretches of land between the foothills on the east and west in the 
great central valley, where in many instances only a poor crop of 
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grain is secured every other year, would be suflBcient to warrant its 
thorough investigation. 

A system of pasturing cattle and sheep on Harding grass for a 
period of years would be most profitable as well as beneficial to the 
soil. 

Much, however, remains to be investigated, particularly as to its 
ability to withstand grazing without injury, its carrying capacity, 
nutritive value, longevity, and the quality of beef and mutton that 
it will produce. 


Transmitted March 30, 1917. 



PLATE 1 

Phalam itenoptera, Haek. 

Fig. 1. Boot system. A. V^Hvety eovemg on roots. B, l^ort stdons. 

Fig. 2. Portion of i^eath, blade^ and enlm. A, Idgule. 

Fig. 8. Spikelet A, First empty glume. A* Wing of glume. B. Beeond 
empty glume. B'. Wing of glume. C. The lemma. 2>. PaleUt B. Stamens. 

Fig. 4. Lemma and sterile florets. 0. Lemma. F, Orate scales. B. First 
stenle floret G, Second sterile floret. 
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PLATE 2 

Spike-like panieles of Phalam sienopterHf showing different stages of develop- 
ment. 
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1‘LATE 3 

Young plant of Phalam sienopterat showing stooling liabit and character 
of roots. 
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PLATE 4 

First-year growth of Phalaris atcnoptera, dense tender leafage in January, 
1916. 
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Phalaris stenoptera in 
University Farm, May 25, 


full bloom, second year from seed. 
1916. Height of plant, five feet. 


rdioto taken at 
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PLATE 6 

Phalaris stenopfcra, Hhowing strip cut across i)lat and dense aftcrinatli. Photo 
taken May 2o, 191G. 
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PLATE 7 

Phalai%$ stenoptera — sheaves from experimental plot, University Farm, May 
25, 1916. 
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PLATE 8 

Lodged plants represent tlie annual species, the so ealled Phalaris commutata 
with an erect perennial clump of Phalaris stenoptvra. Seed came to us from Aus- 
tralia under name of Phalaris hulbosa. 
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OPTIMUM MOISTURE CONDITIONS FOR YOUNG 
LEMON TREES ON A LOAM SOIL 

BY 

L. W. FOWLER AND C. B. LIPMAN 


Among tho numerous problems emanating from the use of irriga- 
tion water on land is tlie important one of maintaining as nearly as 
possible an optimum moisture content in the soil. While much 
research work has betm done in an attempt to determine what consti- 
tutes such an oiitiiiium moisture content, it seems that our knowledge 
is still too indefinite for accurate application to specific cases. For 
that reason it has appeared to the junior author that some spc^citic 
information should be gathered concerning the moisture needs of soils 
which are used for growing crops under field conditions and also the 
variations in such moisture needs occurring through changes in soil 
type and changes in the kind of crop grown. Obviously the task just 
mentioned is too great to be disposed of quickly, and in one series 
of experiments, and it has, therefore, seemed wise to start the work 
with one croj) and one soil type first. Owing to the fact that the 
Limoueira (\mi{)any of Santa Paula, Oalifornia, expressed its willing- 
ness to co-operate in such an experiment and to give to it the time 
and attention of the senior author as well as the necessary equipment, 
the experiment was started with young lemon trees on a loam soil, 
characteristic of much of tlie large ranch in the possession of the 
company. It was further hoped that the results obtained from the 
experiment, along with contemporaneous results of careful moisture 
d(‘terminations at short intervals in the lemon orchards, would give a 
basis for ])lanning a scientific system of irrigation in the orchards in 
question. A plan for the specific experiment, and one for the field 
work were arranged by the junior author and they were executed 
under the direction of the senior author. The detailed results of the 
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field work cannot be given in this paper but will need discussion 
separately elsewhere at some future time. The experiment proper, 
however, has now been in operation for more than two years and the 
results obtained have been so interesting as to more than justify their 
presentation and discussion here. 

Plan of the Experiment 

It was decided to grow the young lemon trees in galvanized iron 
cylinders, 24 inches in depth and 15 inches in diameter. The cylin- 
ders were painted with a heavy coating of asphalt. The soil used in 
them is a loam having the following mechanical analysis (Bureau of 
Soils method), which was furnished us through the courtesy of 
Professor C. F. Shaw: 

First foot Second foot Third foot 


Fine gravel 1.45 1.14 1.71 

Coarse sand 3.24 3.13 4.27 

Medium sand 3.32 3.25 4.13 

Fine sand 12.77 12.33 12.58 

Very fine sand 42.99 44.93 43.22 

Silt 18.74 19.31 16.61 

Clay 17.49 15.91 17.48 


On the basis of this mechanical analysis the Bureau of Soils would 
classify the soil as a fine sandy loam, but owing to its relatively high 
clay and silt content it should, in the junior author ^s opinion, be 
classified as a light clay loam, but certainly as no less than a loam. 
Mr. Chas. A. Jensen of the Bureau of Plant Industry, United States 
Department of Agriculture, was good enough to furnish the ‘ ‘ moisture 
equivalents” and “wilting coefficients” of the first three feet in depth 
of the soil used, as it occurs under field conditions. Mr. Jensen’s 
determinations follow ; 

Wilting per cent Moisture equivalent 


First foot 9.3 17.0 

Second foot 8.7 15.9 

Third foot 8.1 14.0 


The oil used in the cylinders was obtained from a lemon orchard 
now twenty-three years of age in which the trees have always shown 
good vigor and high productivity. The soil from the first and second 
feet in depth was thoroughly mixed in preparation for use in the 
cylinders. The same amount of soil was weighed into every cylinder. 

The variety of lemons selected for the test was the Lisbon. The 
trees were one year old and as nearly uniform as could be obtained. 
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Before planting, the roots of the trees were entirely freed from soil 
and the tops were pruned to a whip. The planting was done on March 
17, 1915, after which the cylinders were placed in a row (see plate 
9) in a trench 24 inches deep, in order to prevent the undue heating 
of the soil from the exposure of the cylinders to the direct sun. From 
the time of planting until June 1, 1915, a soil moisture content of 20 
per cent based on the dry weight of the soil was maintained in all 
the cylinders in order to give all the trees the same start. At the 
last date mentioned the growth of all the trees was sufficiently good 
and uniform enough to allow of the arrangem#^nt for the variation 
in moisture content in the different cylinders. In order to allow for 
individual variations among the trees, every moisture content was 
employed on triplicate trees and the moisture percentages tested were 
as follows: 


10 per 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 


cent based on the water-free so 


The cylinders are weighed tliree times per week and the losses of 
moisture due to evaporation are replaced by additions of the necessary 
amounts of the ordinary irrigation water employed on the ranch. 
The weighing is dom* on steiJyards and a derrick is available for 
raising and lowering the cylinders as desired. The vrater is added in 
a d(‘pn‘Ssion in the surface soil corresponding in nature to an irri- 
gation furrow and is applied by means of a very small stream flowing 
from a hoh* in a can us('d for the purpose. This method is employed 
to obviate puddling. During rainy weather th(» cylinders kept at less 
than 20 per cent moisture are protected by canvas roofs. Between 
irrigations the surfac<' of th(‘ soil in all the e,>linders is kept cultivated. 


Kesflts of the Experiment 

Sev(‘nteen months after the experiment was started or when the 
trees were two years and five months old, measurements were made 
and a diagram showing their relative heights at the time is given in 
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figure 1. While, however, the measurements show clearly enough the 
effects of the different soil moisture percentages on the growth of 
the young lemon trees, they do not really tell the whole story, since 
the general vigor and abundance of foliage are naturally as much and 
perhaps more affected than the height by the moisture conditions in 
the soil. For that reason photographs taken at about the time the 
measurements were made are submitted herewith to show the actual 
condition of the trees. 

By whatever criterion the results are gauged, it is at once clear 
that the effects of the soil moisture content on the development of 
the young lemon trees are most striking. For the soil and plant in 
question, 20 per cent of moisture based on the dry weight of the soil 
seems to be optimum in so far as the total growth and the height of 



Fig, 1. Sho\sing the relative heights of lemon trew grown with different 
quantities of moisture. Trees 29 months old; in experiment 17 months. The 
relative heights are shown on the ordinates and the percentages of moisture under 
which they were produced are given in the abscissae. The broken line shows the 
height of all the trees at the beginning of the exj)eriment. 

the trees are concerned. A fact which is not brought out by either 
the measurements or the photographs is that the general tone and 
color of the trees growing in the 20 per cent cylinders is somewhat 
inferior to that of the trees growing in the 16 per cent and 18 per cent 
cylinders. The pptimura moistun* content of the loam studied for 
young Lisbon lemons seems to bo therefore between 18 and 20 per 
cent, if we may judge from the experiment described and from the 
time given it. The trees at or near the optimum moisture content 
doubled in height and general size during the period mentioned, while 
the trees at 10 per cent or at 30 per cent moisture contents have 
scarcely gained more than half of their original height in the period 
named. 

Other important points deserve mention in connection with the 
results obtained. It appears from the data given that the range of 
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soil moisture percentages within which the young Lisbon trees will 
grow satisfactorily in the soil studied is, relatively speaking, a wide 
one, since for practical purposes there is probablj^ little difference 
between the growth obtained at moisture percentages varying from 
16 to 22, both inclusive. This is a fortunate circumstance from the 
point of view of orchard practice since it allows of considerable leeway 
in the control of irrigation operations. It does not follow, however, 
that as regards fruit production the same wide range of moisture per- 
centages in the soil would be similarly effective as in the case of 
general vegetative growth. On either side of the range of moisture 
percentages just discussed, there can be no question that conditions 
are far from proper for good tree growth. This is especially true, 
however, for moisture percentages in excess of 22 per cent, at which 
the light-colored foliage and general lack of vigor, increasing with 
increase of moisture, accompany the slow growth. In the case of the 
cylinders receiving less than 16 per cent of moisture while the grovi;h 
is also slow owing to lack of moisture, the leaves and branches appear 
to be normal in color and the trees ai)pear to be suffering less from 
untoward conditions. It seems to be very clear at this stage of the 
experiment, therefore, that, in ])ractice, there is very much more 
dang(T to young lemon trees from tm much than from too little 
moistur(' in the soil. Th(‘ harmful effects of the former s(H»m to be 
always more sharply defined and more intense; small additions of 
water beyond the optimum produce large and sudden changes, whereas 
small decreases of moisture below the optimum show their effects only 
gradually with the continued reduction in the moisture percentage. 

About six months have passed since the measurements and photo- 
graphs discussed above* W(*re obtain(‘d. The effects of the different 
moisture percentages continue to stand out as clearly or more so than 
(‘ver befon*, indicating the probability that they may continue so for 
a long period of years. It should be mentioned here that small but 
uniform ai)plieations of sulphate of ammonia have been made to all 
the cylinders during the past year to maintain a more nearly normal 
growth than is possible without additional nitrog(*n in su(*h a limited 
volume of soil as that at the disposal of the trees in the cylinders. 

In the soil under study in this experiment it was found that the 
theoretical wilting point was very close to, if not identical with, the 
actual wilting point, as both the field moisture determinations and the 
10 per cent moisture C 3 dinders have on very dry days attested. It 
will be observed, moreover, that the moisture equivalent and the 
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optimum moisture percentage in the same soil are not far apart. 
While the height of the trees is greatest at moisture percentages in 
excess of that of the moisture equivalent, the most vigorous appearance 
of the trees is obtained with percentages of soil moisture very close 
to the moisture equivalent. As above stated, it is not possible now 
to discuss the detailed results of the moisture determinations in the 
orchard, but in general it was true that the soil moisture percentages 
rarely fell to the wilting point in the orchard soil and very infre- 
quently rose to the optimum luider the system of irrigation practiced. 
In the orchard under consideration, therefore, a lack rather than an 
oversupply (a common condition elsewhere in California) of water 
seems to be the rule. 
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Summary 

In attempting to determine the optimum moisture content of a 
rather heavy loam soil for young Lisbon lemon trees grown in cylin- 
ders, at the Limoneira Ranch, Santa Paula, California, the following 
information w^as obtained in the course of the first two years of the 
experiment : 

1. A moisture percentage of 20 per cent based on the dry weight 
of the soil has produced the tallest trees. 

2. Trees grown with 16 and 18 per cent of moisture, while not as 
tall as those grown with 20 per cent of soil moisture, show better color 
and more vigor. The differences are not very marked, however. 

3. The foregoing facts seem to show that the range of optimum 
or nearly optimum moisture percentages for the soil and plant in 
question is a relatively wide one. 

4. Much more visible damage results to the young lemon trees from 
moisture i)ercentages in excess of the optimum than from those below 
the optimum. 

5. Every successive increment of moisture beyond the optimum 
is accompanied by a sharp depression in growth, color, and general 
vigor of the trees. 

6. Every successive decrement of moisture from the optimum 
shows only a relatively slight depression in growth. 

7. The theoretical wilting point and the moisture (equivalent for 
the soil studied are in close accord respectively with the actual wilting 
point as determiiK'd in the soil of the orchard and the optimum moist- 
ure content as determined in the experiment discussed above. 

The authoi-s w'ish to acknowledge their sinccrest sense of obligation 
to Messrs. C. C\ Teague and J. D. Culberson of th(‘ Limoneira Com- 
pany, wlio have so kindly cooperated with them in the experiment 
above described and who have at all times b(»en willing to place at 
their disposal all possible facilities for the prosecution of the work. 



PLATE 9 

Fig. 1. Showing arrangement of cylinder experiment to study water needs 
of young lemon trees. 

Fig. 2. From right to left, cylinders 1, 2, and 3 maintained at 10 per cent 
of soil moisture; cylinders 4, 5, and 6 maintained at 12 per cent of soil moisture. 
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PLATE 10 

Fig. 1. From right to left, cylinders 1, 2, and 3 maintained at 14 per cent 
of soil moisture, and cylinders 4, 5, and 6 maintained at 16 per cent of soil 
moisture. 

Fig. 2. From right to left again, cylinders 1, 2, and 3 maintained at 18 per 
cent of soil moisture, and cylinders 4, 5, and 6 maintained at 20 per cent of soil 
moisture. Part of cylinder 7 showing 22 per cent of soil moisture. 
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PLATE 11 

Fig. 1. From right to left, cylinders 1 and 2 maintained at 22 per cent of 
soil moisture, cylinders 3, 4, and 5 at 24 per cent of soil moisture, cylinders 6 and 
7 at 26 per cent of soil moisture. 

Fig. 2. From right to left, cylinder 1 at 26 pt'r cent of soil moisture, cylinders 
2, 3, and 4 at 28 per cent of soil moisture, cylinders 5, 6, and 7 at 30 per cent of 
soil moisture. 
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SOME ABNORMAL WATER RELATIONS IN 
CITRUS TREES OP THE ARID SOUTH- 
WEST AND THEIR POSSIBLE 
SIGNIFICANCE 


BY 

ROBERT W. HODGSON 


INTRODUCTION 

The progress of the development of the citrus industry, in general, 
and that of California in particular, has frequently been retarded or 
temporarily stopped by serious obstacles in the form of insect pests 
or plant diseases. Some of the most baffling of these troubles fall 
naturally into a group which for want of a better name has come to 
be knowd as that of ^‘jibysiological diseases,^’ which are thought to be 
caused by various obscure derangements of nutrition or other vital 
functions. This group includes mottled-leaf, die-back, chlorosis, June 
drop, puffing of the fruit, and others of less importance. Knowledge 
of the true nature of this class of diseases is extrenudy meager in spite 
of the fact that they have received much earnest attention from scien- 
tific investigators ; and little can be aecomplislied in the way of devis- 
ing control measurers until much more is known in regard to tlu^m. 
Nor can we hope to progress far beyond the realm of speculation with- 
out greatly augmenting our knowledge of the physioloj,y and anatomy 
of the normal citrus tree when grown under any one of a series of 
very widely varying environmental complexes which obtain in differ- 
ent parts of the arid southwest. 

It is, therefore, proposed to attempt by moans of a series of sys- 
tematic experimental studies to obtain some definite and accurate 
information on the physiology of the genus Citrus, It is hoped that 
the results may serve as a basis for the elucidation of some, at least. 
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of the im])orta 2 it problems referrc'd to above. The studies in ques- 
tion will attempt to shed lij^ht on transpiration problems, nutrition 
])robl(‘ms, and others e(iually important. The paper wliieh is sub- 
mitted lier(‘with forms an introductory contrij|ution to the subject 
under invest i^^at ion. 

The writer is not unaware of the essential similarity between the 
l)hysioloj]:ieal problems presented by citrus and other fruit trees. He 
has chosen, howt^viu*, to study the physiology of the citrus tree as a 
separate entity b(H*aus(‘ of the reasons given above, and the further 
OIK* that the j)(*euliar climatic conditions under which this tree is 
fn*(iuently ])lae(‘d in tin* arid southwest, demand a sj)ecial treatment. 
Doubtless much may b(* gained from these studies which will apply 
to physiological pi-obhmis connected with other trees. 

The (lata h(*r(* present(*(l were obtained during an invi*stigation of 
one of tile so-called ])hysiologieal diseas(*s above mentioned, nanudy, 
the June drop.’ Ever sin(*e the Washington Nav(*l orange* has been 
grown in the dry intt'rior valleys of Arizona and (California, this 
variidy has b<*(*n subject to <*xeessive dropfiing of the young fruits. 
This has came to be kiuwn ))oj)ularly as the* June drop although the 
fall of the fruits is by no m(*ans eonfin(‘d to Jun(‘ but may 0 (*eur at 
any time from pe^tal fall, in April, until the fruit reaches several 
ineh(*s in (liam<*t(*r in Augusl. The prevalencQ and amount of this 
drop])ing s(*(‘ms to be influ(‘ne(*d to a mark<*d degree* by ^*ertain 
environmental factors to whieli the tiws are' subje'ct. The regular 
annual slu‘dding of the young fruits is mast se^rioiis in n'gions w’here* 
the* annual iiiveipitation is lo\ve*st, the* me‘an summe‘r temperature* 
higlu'st, atmosjiherie humidily lowe*s1, solar radiation most intense, 
and air move*me*nt gre*at<*st during the growing se*ason. That the 
e*xee*ssive drop of young fruit is in some way intimately connected 
with e*xtreme* edimatie (‘onelitions is indicate'd by the fact that in some 
pai'ts of south(*rn (Vilifornia, where* the drop is ordinarily not excess- 
ive, the hot wave of dune lo-lT, 1917, during which a tempe‘ratur(‘ 
of 11S'"F was (*xperie*nceel in the Riverside and ReHllands distidcts, 
was immediatedy follow'ed by a drop so sev(*re that practically the 
e*ntir(* young crop of navel oranges w’as lost. 

Th“ experime*ntal w'ork from w'hich the data w'cre* obtained w'as 
carrie'd on at Edison, Kern (lounty, (California. Edison comprises 

1 Tins invosl i^ration, which is now in progress, was carried on in collnhora* 
tion wjth Professor J. Kliot Poit who planfn*<l the first s(*rie*s of experiments 
and began the \\ork in February, 19H). A joint authorsliip paper correlating 
this and other aspects of the June drop jdienomenon is in course of jirepara- 
tioii. 
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a small colony of about seven hundred acres of orange orchard 
located eight miles southeast of Bakersfield and surrounded on two 
sides by typical desert of the southern San Joaquin valley, with its 
characteristic semixe^phytic flora. Extrcuue climatic conditions, as 
above mentioned, are 0])erative there but the Washington Navel 
orange matures early and is of excellent (piality, although (*i’ops are 
small because the drop referred to is excessivt*. 


Water Relations and Abscission 

It has long b(‘(*n recognized that abnormalities or irregularities in 
the water relations of i)lants are often asvsoeiatful with the abscission 
of various iJant parts. Balls“ was abh^ to cause complete shedding 
of leaves, flower buds, and bolls of the cotton ])lant (rossijjnum lur- 
hacdim within four days by j)runing th(‘ roots and so limiting the 
ability of the ])lant to take up water. TJoyd in his inv^^stigation of 
the cause of abs(dssion in the sam(‘ plant canu* to the conclusion that 
the causative factor lay in a steady decivase in the moistur(‘ (content 
of the soil in contact ^^itll the roots of the ])lant. This rediiction 
causes a sev(*re tax on the jKn\er of th(‘ ]>lant to maintain normal 
water relations and results in fluctuations in tlu* water content of 
the aerial [)arts which, in turn, leads to al)scission. 

Although tlie work of Lloyd was jxn’foi-im'd in the humid southern 
states, he makes the statem<*nt that “there s(‘Idom oceuis a day on 
M^hich then' is no minus water fluctuation in the plant/’ lie based 
this (‘onclusion not only on data deri\(Hl from sluxlding re<'ords but 
also on a study of transpiration rates, and water deficit in tlie leaves. 
In connection with his observations on the (‘lTe(*t of temperature in 
causing acceleration of abscission, he came to the conclusion tliat “the 
wat(‘r deficit is the cause of tlu' rise of tmnpcu-ature in the tissues and 
that this constitutes the stimulus whieh dirc'ctly leads to abscission.” 

Other evidence of the occurrence of marked deficits in the water 
eonttuit of ])lant organs is not lacking. Livingston and Brown,* work- 
ing with a number of iilants growing near Tuscon, Arizona, found 
that (vdth the exeejition of the true xerophylt^s as (\)vilha and 
Prosopis) during the afternoon the leaves suffered a marked decrease 
in wat('r content which was made up during tin' night. This periodic 

2 Cairo Sri. Jour., vol. 5, p. 221, 1911. 

» Trans. Roval Soc. Can., ser. 3, vol. 10, p. r>5, 1916, «ee also Bull. Torr. Bot. 
Club. vol. 40, p. 1-26, Jan., 1913. 

« Bot. Gax. vol. 53, p. 319, ^jiril, 1912. 
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diurnal condition of dcssieation has been found by Livingston and 
Brown to serve as a eln^ck on the absolute transpiration and has been 
termed '‘incipient drying.” Lloyd^’ independently obtained similar 
results in his investigations on Fouquieria splent^ns and Mrs. Shreve'* 
established the same phenomouon in 1913 with Parkinsovia micro- 
pJnflla. 

Inasmuch as the genus Citrus is undoubtedly a mesophyte of 
ti*oi)jcal origin and therid’ore gi*own in the interior valleys of Cali- 
fornia under j)urely artificial conditions/ it would naturally be 
expectc'd that the abnoi-mal water relations above discuss(»d might 
obtain to an unusual degree, especially during the hot growing period, 
when th(‘ ability of the })lant to make uj) for excessive transpiration 
is taxed to tlu^ limit. Citrus fruits are borne on wo(k1 of the current 
S(‘ason's gi*owth which ordinarily bears six to eight leaves on the same* 
fruiting shoot. Therefore, it seemed reasonable that under conditions 
of excessive transpiratiori tlie l(‘aves might draw" on tin* water supply 
of tlH‘ fruits and thus bring about an abnormal water relation. With 
th(‘ above considm'ations in mind it occurred to the writer that this 
})remature fall of th(‘ fruits might b«‘ due to irr(‘gularities or abnormab 
ilies in th(‘ w'at(‘r r«*lations between th<‘ fruits and foliage, n‘sulting in 
abscission in some way analagous to the shedding of cotton bolls under 
the stimulus of a W’attu* d<‘ti(‘it. 

Tlu‘ imtiiod used in obtaining the data lau'e pr(*s<mted consist(Ml 
in tin* main of sim])b^ moistur(‘ determinations of leaves and fruits of 
various kinds talom at ditT(*r(‘nt hours of the day. The mat(Tial w’as 
gathered and (juickly pla(*ed in weighing cups fitted with ground 
glass cov(‘rs. After weighing, the material was thoroughly dried 
and then i'(wveighed. For convenitmee in the <*ase of fruits and large 
b‘av(\s, the material was cut into small piec(*s. Tin* calculations an* 
bas(*d on tlu* dry w'eigiit of tin* material, except as otheiwvise stated. 
Th(* data obtained are shown in condensed form in table 1. The 
figun*s shown rt*|)resent averag(‘s of at least ten duf)licate det(*rmina- 
tions, and in most instances of more. 

Tb(* data prestmted in table 1 show" some very interesting condi- 
tions. It is (juite clear that, with the exception of the new^ succul(‘nt 
growth, the young fruits are at all times higher in wat(*r content than 
the h‘aves situated n(‘ar tlu'in. These data also se(‘m to h*av(* no doubt 

Plant Woi’ 1, vol. 15, p. 11, 1012. 

♦ Ann. Rpt. Dir. Hot. Kc*s. C. I. W., Fch. 12, 19KJ, p. 81. 

7 For a Tiiore ('oiiijilcto discusHion sec Livingston, B. K., single iielex to 
rej)T(‘s('nt both moisture and tcini>craturc ('omlitions ns related to plants. 
Physiolo/nral l\( starches, vol. I, No. 9, April, 191(5. 
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TABLK 1 

Average MoisTritK (’ontiat 

A^ora^o wator content 


in per cent 

Kind of mateiial (l)i\ \v( i^lit 

New leaves aliout two weeks old 242.0 

Full grown leaves of current season’s growth 1()2.2 

Leaves of one season’s growth — about one veai oM 1.52.7 

Leaves of two season’s growth— about two vears old 120.1 

Leaves of three or more season’s growth. Over two veais 

- - 117.0 

Leaves of euirent season’s grow^th. Oatheied between 

9 A.M. and 12 r.M. int.i) 

Same gatheied between 1 p.m. and 4 p.m. 1.17.2 

Le.'ives of cuirent season’s grow^th gatlieied fioin behind 

fruits between 9 a.m. and 12 m. lOO.S 

Same gatheied between 1 p.m. ami 4 pm. 100 4 

Fruits destined to subsequent absrdssion, one third to tUiee 

fourths in< h in diarnetei , 191. .1 

Fruits appaiv ritly normal gallic led between 9 \ M. and 12 M '' 200 2 

Same gathered between 1 p.m. and 1 P M. 247 7 

Flints destined to subsequent abscission gathered betwc*en 

9 \ M. and 12 M. 201.1 

Same* gatheied betwocMi 1 p.m. c/nd 4 pm. 179.2 


of the fact that as Hit* lpav(‘s grow older lliert* is a progressive* deerease 
ill water eoiit(*nt. 

It is also ((uitt* (‘videiit tlial a regular dninial dt‘erc‘ase in the watt*r 
eont(*iit of leavt*s of tiu* eurreiit st'ason's Ln*owth is manifest during 
the aft<*rnoon. Sueh l(*aves avt‘raged 1()4!F in wat(*r (*ontt*ut for the 
j)t*riod In (w(‘t*n I) \,M and 12 m. and onh 17)7 2’ foi* the* ])eriod 
hetw(*(*n 1 P.M. and 4 p.m. This ditfc'reiiee do(‘s not ap})t*Hr signifieant 
wdien view^(*d in tlie light of tin* large dilt'(‘r(*nees olrtained by Living- 
ston and Brown with soim* of thc*ir material, llow’ever, it shoulil 
In* borne in mind that those authors were* dc^aling, for the* most jiai't, 
witli mueb mon* sueeulent jilants <*ontaining a lai’ge amount of watt*r 
storage* tissue*. Further, it should be not(‘d that these tigurt*s are 
avei'ages, sinet* the dett*rminations on w bit'll tlit'V art* based wni’t* not 
inadt* at tin* saim* hours. Intlividual [lairs of (h‘tt*rminations fre- 
(iut*ntly showt‘d ditfereiiees of as miieh as 25’ to dO’ in as short a 
])eriotl as six hours. On rTunt* 5 at 2:d0 pm.* wuth tin* temperature at 
95^ F anti the relative huiiiitlity at lb’ , tlu* water content of leaves 
of tht* eurr(*nt st‘asoiFs giwth w^as 144.d’ ' . At 4 v.m. tlu* next inorn- 

*' The fruits used for the.se deteiniiimtious nveiaged a little laiger than 
those gathered in the forenoon and therefore wniulcl norinally be somewhat 
higher in water content. 
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ing, with the temperature at 62° F. and the humidity 54%, the water 
content of similar leaved was found to be 172.6%, showing a differ- 
ence of 28.3Vf . This phenomenon is taken to indicate the presence of 
incipient drying in citrus and is in full accord with the results of 
the writers abo\e mentiojied as well as with those obtained by Lloyd. 

Since the young fruits have a higher water coiitemt than adjoin- 
ing leaves which, in turn, exhibit a diurnal decrease in relative* water 
content, the conclusion, a priori^ that the leaves might possibly draw 
on the water sui)i)ly of the fruit during periods of excessive transpira- 
tion seemed entirely ])lausible. If such is the (»ase it woulel secmi that 
leaves so favorably situated should not show this daily variatiem, at 
least to tlie* de*gr(*e shown in the leaves not so favorably situateel. The 
elata in table* 1 show, howeve*r, that the average difference in water 
content of th(* two sorts of leavers gathered in the forenoon and after- 
noon is quite small. This is takem to inelicate that if such leavers do 
utilize* the wate‘r supply of tlie* fruits, tlie evaporating power of the 
atmosphere is so strong tliat as fast as the\v receive this surplus water, 
it is lost and tlins causes no appreciable difference in their relative* 
water content. 

Tlie next stej) was to asc(‘rtain the Mater content of diffe‘rent kinds 
of fruits, those* destined to re*main and mature, and those showing 
indications of subseepient abscission. It is quite easy to distinguish 
b(*tween the two, from a week to ten days before abscission occurs, 
by the difference in tlieir appearance. Bxpose^d fruits d(*stined to 
drop exhibit a small yellow spot about the navel end sev(*ral w^eeks 
before* the actual drop occurs. This s])Ot gradually extenels and 
spreads until at abscission it usually occupies at least half the area 
of the fruit. In the case* of wedl-shade*d fruits, the yellow’ color is 
evenly distribute*!! over the entire surface*. A large number of mois- 
ture* d(*terminations w’cre made wdiich show’ed that those fruits destined 
to subsequent abscission average*d 59'/ l(*ss w’ate‘r than those fruits 
destiiieel to remain and mature. (See table 1.) The* i)res(*nce of this 
condition in the fruits, especially when considered in connection with 
th(* daily increase at certain hours in the water de'ficit of the leaves 
immediat(*ly behind them, seems to point to tlie i>ossibility of the leaves 
deiiriving the fruit of a part of their normal water supply. It cer- 
tainly indicates an abnormal w^ater relation. 

Lemon g^’ow’(*rs prune their trees at all seasons of the year, even 
wdiile tin* fruit is still on the trees. It is a well established practice to 
gath(*r the good fruit from the excised branches immediately, in order 
to prev(‘nt it from becoming flaccid. Inasmuch as the fruit, as ordi- 
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narily picked from the tree, remains turgid for several months, it is 
the common belief that the leaves draw the water out of the fruit when 
the branch is severed from the tree. That this is exactly wliat do(*s 
occur, when the leaves are deprived of their normal water su])ply, is 
shown by the following experiments: 

Ej'pfrimrnt 1 — Two shoots bearing small terminal oranges of 
approximately the same size and having the same number of leaves 
and approximately the same leaf area, W{‘re taken to the laboratory, 
plac(‘d on the table and allowed to dry under similar conditions (*xcept 
that in om^ case the fruit was severed from the stcmi. All cut surfaces 
wei*(^ seahnl with vaseline. 

Within twelve hours a marked ditTeren(*e in api>earanee was 
observed. Th«‘ l(‘aves on the shoot from which tin* orange was detached 
were considerably shriveled while thos(‘ on the olhei* shoot nmiained 
turgid and fr(‘sh. This difl[‘er(*nce became more* ])ronounced as time 
(^lapvSed and in thirty hours a distinct ditfereiu'e in tlu‘ appearance of 
th(* fruits as well as leavers was visible. Tlu* detaclied fi*uit r<'main(Hl 
firm and retain(‘d its dark green color and lustre while tlie attached 
fruit was soft and flaccdd and exhibited a dull green (*olor without 
lustre. Tills experiment was performed repeatiHlly with both oranges 
and l(‘mons with the same results. plate 12, fig. 1.1 

As all tin* cut surfaces were sealed, it S(‘ems clear that the leaves 
on tin* shoot with fruit attached actually ilrew on its water content 
and that it was this supply of water whi<*h (‘uabled them to remain 
alive and fresh long after the leaves on the other shoot had withered 
ami died. 

Expirnnent 2 — Quantitative data on watm- conteiP were desired 
to substantiate the visible indications d(*sci-ihe(l in Experinumt 1. 
Th(‘refore the latter was r(*peated sevei-al times and moisture determin- 
ations on leaves and fruits were made at various ])erio<ls. A re])re- 
sentative S(*t of sucli diderminations is given in table 2: 

TABLK 2 

MoisTnu: (k»XTENT DiarRMUXATioxs, Twrx'iw Font Horns Vftfr Bf.givnixg 

OF K\PKRlMr\T '1 


Kiml of m.itt'nal 

Wfiftht of 
roiitaiiicr .ind 
lr« sh mut« 1 i.il 

W( ighi of 
s.uiH* w h(*n 
iii\ 

W of 

nintovinl in 
pr.inm 

Water con- 
tent i)ei 
cent 

Orange (leta<*l) 0 <l from hraiuh 

jii granih 
133.40 

21.()7U 

2.()r>o 

IS.) 0 

Orange attaehed to branch . - 

23.5S5 

22.307 

2.07:> 

142.1 

fjcaves from branch 

(21.831 

21. SO.") 

.181 


with fruit removed 

j 22.04,1 

22.010 

.170 

21.t a\g. 

Leaves from branch 

^ 21.345 

21.275 

.175 


with fruit attached 

^20.604 

20.477 

.284 

73.7 avg. 
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These data show that after twenty-four hours the leaves on the 
shoot with orange attached contained an average of 52.3% more water 
than those on the other shoot. They further show that the detached 
fruit contained 42.9% more water than the attached fruit from which 
the leaves had been drawing their supply. This is considered to be 
conclusive evidtuice that in the case of excised branches the leaves 
can draw water from the fruit. 

Experiment 3 — Two slioots in every respect similar to those used 
in the previous (experiments were treated in the same manner as those 
of Experim(ent 1 and 2. These were then weighed at irregular inter- 
vals until they liad reacluHl a constant weight. During the interim 
they were kej)! on th(‘ laboratory table. The data obtained are found 
summarized in table 3: 

TABLE 3 

"Water ('oxtext Determixatioxs Made at iRREdCLAR Ixtkrvals Based on 
THE Whole Wekhit 


Shoot Mith oian;ro attnch<*d Sho«>t with orange d«‘tnrh»*d 


Xuml)er 

Woight 

Loss in 

Loss in 

Diflfoionce 

Weight 

Loss in 

Loss in 

I>iflf»‘n‘iice 

of hours 

m grams 

prams 

jior {'(‘Ilf 

111 

111 prams 

111 grains 

per wilt 

in 

elapsed 

0 

4.872 

jmr <•♦•111 

4.777 



p<T emit 

3 

4.436 

.430 

8.9 

.6 

4.380 

.397 

8.3 


19 

3.957 

.915 

18.7 


;t.830 

.947 

19.8 

1.1 

121 

3.895 

.977 

20.0 


3.742 

1.035 

21.7 

1.7 

24 

3.803 

1.009 

21.9 


3.607 

1.170 

24.4 

2.5 

2f) 

3.683 

1.189 

24.4 


3.442 

1.335 

27,9 

3.5 

27 

3.610 

1.202 

25.9 

.... 

3.342 

1.435 

30.0 

4.1 

44 

3.263 

1.609 

33.0 


2.911 

1.866 

39.1 

6.0 

49 

3.047 

1.825 

37.4 


2.682 

2.095 

34.8 

6.4 

31 

2.920 

1.952 

40.0 


2.575 

2.202 

36.0 

6.0 

91 

2.125 

2.717 

56.3 


2.00S 

2.769 

57.9 

1.6 

9f) 

2.053 

2.819 

57.8 


1.960 

2.817 

58.9 

1.1 

99 

2.000 

2.872 

58.9 


1.935 

2.842 

59.5 

.6 

no 

1.921 

2.951 

60.5 


1.873 

2.904 

60.8 

,3 

119 

1.894 

2.978 

61.1 


1.852 

2.925 

61.2 

.1 

121 

1.881 

2.991 

01.3 


1.844 

2.933 

61.4 

.1 

140 

1.825 

3.041 

02.5 

.4 

1.807 

2.970 

62.1 


140 

1.797 

3.075 

63.1 

.5 

1.783 

2.994 

62.6 


102 

1.774 

3.098 

63.5 

.6 

1.770 

3.007 

62.9 


180 

1.730 

3.136 

04.:i 

.8 

1.743 

3.034 

63.5 


195 

1.717 

3.155 

64.7 

.9 

1.726 

3.051 

63.8 


211 

1.705 

3.167 

05.0 

1.1 

1.720 

3.057 

63.9 


218 

1.695 

3.177 

65.2 

1.0 

1.710 

3.067 

64.2 


260 

1.606 

3.206 

65.8 

l.l 

1.686 

3.091 

64.7 


285 

1.652 

3.220 

60.0 

1.1 

1.675 

3.102 

64.9 


306 

1.642 

3.230 

66.2 

1.1 

1.664 

3.113 

65.1 


330 

1.631 

3.241 

66.5 

1.1 

1.652 

3.125 

65.4 


525 

1.613 

3.259 

66.8 

1.0 

1.631 

3.146 

65.8 
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The data in this table indicate that the amount of water in the 
fruit available for use by the leaves was sufficient to inaintain the 
latter alive for approximately 50 hours after the shoot was cut from 
the tree. It is further evident that when three hours had passed the 
leaves on the shoot with fruit attached had not yet begun to take water 
from the fruit to any appreciable extent because the shoot with fruit 
detached shows less water loss than the shoot with fruit attached. 
However, tliis condition was soon reversed and the leaves l)egan to 



Fig. 1. Showing the tliireioiice in }>or <ont of water loss of shoot with 
orange attac'hod and shoot with orange detached. The water loss cur^e of the 
shoot with iruit iletached is consideied as nonnal. Oidiiiatos re}»ieseut differ- 
ences in ]>er cent of water loss, absdssae, the time elapsed in hours. Water 
content calculated on basis of fiesh weight. 


draw on the w^atm* in tlu' fruit while tlie leaves to whicli no Avater Avas 
available from tin* fnut showed indications of wdlting. 

That shortly after 50 hours liad passed death occurred in the 
leaves of tlie shoot with fruit attached is sliOAvn by the rapid increase 
in the amount of Avater lass. This was undoubtedly due to increased 
permeability of tlic cytojilasmic cell membranes after death. After 
50 hours the difference in water content of the tAvo Av^as 18.3V? in 
favor of the shoot wdth fruit attached. liowTver, from this time on 
until both had reached a constant rate of water loss (after about 200 
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hours), this shoot lost water more rapidly than the shoot with fruit 
detached. These relations are very clearly shown in figure 3. The 
normal water loss curve is illustrated in figure 2. 

Experiment 4 — A forked twig bearing a small terminal fruit on 
each branch was selected and cut. The fruits were immediately im- 
mersed in water and the slioot tied to a support in such a fashion 
that all the leaves were exposed to the air, the fruits alone being 
immersed. One orange was now removed by cutting it under water 
and all cut siirfac(*s were sealed. The two fruits remained under 



Fig. 2. Shewing the general type of water loss curve of a shoot detached 
from the tree, inelinliiig detached oiange. OidinatoH represent water loss in 
per cent ami abscissae, the time elapsed in hours. 


wat(‘r. Tlic container and support were then placed on a bench in 
tile sliatle in tlie open air and left for fifteen hours, at the end of 
whicl' time moisture determinations were made on the fruits. 


TABLE 4 

Mdistcrk DktekmintatioKS After Pifteen Hours 

Wcijrhf of Weight of Weight of WiitiT con 

(oiitniiifr mad eame when inaterinl m tent per 


Kind of matennl frosh material dry in (fruins cent 

in)^itim« grams 

Detached orange 24.680 21.4.'15 B.330 20(5.9 

Attached oiange 23.210 21.773 2.570 126.8 
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The data in table 4 show that at the end of fifteen hours there was 
a difference in water content between the t^\o fruits of 80.1%. There 
seems to be no way of accounting for this large diffeivnce other than 
that the leaves had actually drawn the major part of it at least, from 
the attached fruit. 

Water Transport Studies by Means op Dye Stt-fp Solutions 

Experiment 5 — Bearing tlie foregoing findings in mind, it seemed 
desirable to determine something of the nature of this reversal of 
normal water flow by means of dye solutions. Accordingly a shoot 
bearing a terminal fruit was cut from the tret' and the orange pared 
away at the apical end to open the tracheal elements and admit the 
dye.** This paring was done under the solution to prevt'nt the entrance 
of air bubbles. Water soluble t'osin was used. The orange was 
immersed in the liquid for a half hour, after which tlie shoot wms 
split open. The tracheal tubes throughout all parts of the leaves, 
stems and fruits W'ere found to be strongly staiiK'd. 

Experiment 6 — It seemed desirable to simulate the actual situation 
on the tr('e as nearly as ])Ossible and tlu' following experiment was 
({('signed to accomplish this. A crooked fruiting branch Ix'aring a 
number of small lateral shoots and h'aves, and one t(*rramal orange 
W'as cut under w^ater. The cut end \vas kept under w^ater and the 
brancli so supported that tlie fruit was immers<‘d in an eosin solution. 
The apex of the orange w^as tlnui panxl as described above. The 
branch then r(*at(‘d wdth its ])asal (Uid in liter and the vascular 
bundles of the fruit open to eosin at the other end of the branch. 
(See pi. 12, fig. 2.'> If we substitute for the water contaiimr the con- 
ducting syst('in of the ti*e(', and for the watery solution of (‘osin the 
diweloping fruit high in wat('r content, w’^e ha\e very similar conditions 
to tliose existing in the experinumt, save for the fact that the fruit is 
not open to the air and the conducting system bears a ('ci’tain relation 
to tin* rest of the tn'e. 

The expi'riuK'nt W’as Ix'gun late in the afternoon and the branch 
h'ft outdoors over night. At 8 oVl(K*k the m'xt morning the leaves 
were examined and found to be vc'ry fresh and turgid. Indeed they 
were notic(*ably much fresh(*r in appearancM' than IIkw had be('ii the 
evening bf'forc. On careful examination absolut(*ly no trace of (‘Osin 

olt should bo stated here that the Washinj^ton Navel orauge is mi realitv 
a double fiuit, with a small secondary orange within a large ])iiinary fruit. 
This interior fruit constitutes what is known as the navel and it ])0''Sosses an 
indopendent vaseular system of its own wliieh tiaveises the eential pith of 
tho primary fruit before ramifving through the secondary oiangc. This eential 
pith thus acts as the stem to the small fruit. 
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could be found in any part of the shoot. Samples of leaves for mois- 
ture content determination were taken at 8 :30 a.m. Although remain- 
ing in the shade the leaves showed at 12:15 p.m. distinct evidence of 
wilting and upon examination, eosin staining was found in the petioles 
of every leaf on the shoot, with the exception of a few on the extremi- 
ties of the side branches. At 12:30 p.m. samples were taken for 
moisture determination. 


TABLE 5 

Moisture (’ontent or IjEaves to Which Water was Available From 

Two Sources 


Hour pickod 
8:30 A.M. 

Weight of eontainer 
and material in 
grams 

21.967 

Weight of same 
when dry in 
grams 

21.617 

Weight of mate 
rial in grams 

.562 

Average water 
content in 
per cent 


23.455 

23.162 

.480 

160.8 

12:30 P.M. 

21.914 

21.659 

.459 



21.552 

21..345 

.382 

121.6 


The data obtained in tliis experiment show that during the night, 
when the draught of the atrnos])here on the watin* supply was low, the 
l(»av(vs were able to maintain themstdves in a normal condition by 
using wat<'r from tlu‘ base container. This is evidenced by th(‘ normal 
water cont(‘iit of the leaves in the* morning, as well as indicated by the 
fact that no eosin whatever was drawn back, although the vascular 
bundles were open to its entrance. However, as the atmospheric 
evai)orating [lower increas(‘d during tin* fonuioon, it became mon* and 
more difficult for the leaves to obtain requisite amounts of water 
through th(‘ conducting syst<mi in the normal way. At a point near 
12 M. till* leav<*s became unable to obtain enough water in this fashion 
and they began to draw on tin* a<pieous solution of eosin. The shoot 
was now drawing ^\a1t*r from both ends to satisfy the demands of the 
trans])ii*ing l(‘av(*s. Hut the atmosy>h<*ric ])ull for water became so 
severe* that even this double* supi)ly diel not suffice to maintain the' 
wate'r conte*nt of the l(*aves at normal. The water deficit bt'gan to 
incre'ase and continued until a condition of actual wilting ri'sulted. 
H(‘tw(*en 8:30 a.m. and 12:30 p.m. the leaves decrease'd in water con- 
tf*nt by 30.2^^ , although both ends of the shoot we*re irnme'rsed in 
water. 

From the (*vide*nce above prc'senteel it s(*ems ch'ar that unde'r con- 
elitions favoi-able to ra[)id transpiration it is entire'ly possible for the* 
l(‘av(‘s of citrus tree's, at least, to draw water back from the young 
fruits. Moisture d<‘t(*rminations of fruits under such conditions 
showed a considerable decrease in w^ater content and indicated that 
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this water is utilized by tlie leaves. Indeed, almost exact quantitative 
results were obtained, the percentage of water loss of the fruit being 
approximately equal to that gained by the leaves. (S(>e Ex])eriment 
2.) Dye stuff experiments have shown that there exist no physical 
difficulties for such procedure. It then remained to determine whether 
this phenomenon actually occurred in fruits on the trei*. For this pur- 
j)Ose the i)rocedure of the previous experiments was used, namely, 
moisture det(*rminations and wat(*r transport studies by mt^aiis of dye 
stuff solutions. However, the evidence here is not so conclusive, as 
all the experinumtal work was necessarily performed on shoots in 
sit}(, which introduces a number of uncontrollable adventitious vari> 
ables, as has been well pointed out by Dixon’*’ in his criticism of trans- 
piration measurtMueiits performed on shoots detached from the tree. 
The influence of the remainder of the tree is admittedly an unknown 
quantity. Nevertheless it is believed that tlH‘ data obtained are 
strongly indicative of conditions as they exist. 

From table 1 it will be seen that there exists a considerable difler- 
(Uice in water content betwecm those fruits, destin(Ml to remain and 
mature when picked before^ and after noon. Fruits of this sort 
gatht‘r(Ml in the morning av(*ragt‘d 12.5^' more wat(‘r than thos(‘ 
gather(*d in the afternoon. As is imudiom^d in the footnote to table 1 
this differeiK’e is probably considerably smaller than it should be on 
a<*count of the larger size of the fruits used in the afternoon d(*termin- 
ations. That this same condition obtains in those fruits (lestined to 
subs(‘(|uent abscission is also shown in table 1. In this case the tlifffer- 
(uice is 22. 2^,' . Tht're an* S(*veral ways in which a decn^ase of \\ater 
content in the fruit can be explained: (1) tin* water \s actually 
drawn back from the fruits by the lea\es; (2) the normal supidy to 
tln^ fruits is considerably nnluced by being appropriated by the leaves 
befon‘ it reaches the fruits; or (d) the transpiration ratio of the fruit 
to the leaves is markiHlly increased. If the fruit ])oss(^ssed no stomata 
and did not transpire, thi' first condition must hold. Ilowtwer, the 
fruit does ]) 0 ss(‘ss stotnata in some numbers and is actively transpiring 
at the same time as tin* leaves. Thendore it secmied advisable to make 
a cursoiy comj>arativ(> study of the number of stomata t)er tinit of 
area on the fruits and leav(\s and also of the ratio of transpiring area 
of the fruits and leaves situabMl immediately behind them. While 
the young fruit possess(‘s stomata even before the style is exfoliat(*d, 
stomatal counts showed that the number is comparatively small, rang- 

10 Trauspiratiou and the accent of sai) in plants (London, MacMillan, 1914), 
pp. 120-1125 
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ing between 50-100 per square millimeter as compared to 300-450 per 
square millimeter on the leaves. Measurements of the leaves situated 
within six inches of the fruit showed that, in addition the leaf area 
immediately behind the young growing fruit is larger than the area of 
the fruit tintil it reaches approximately two inches in diameter, after 
which falling of the fruit is comparatively rare. Therefore, it seems 
highly probable that the transpiration of the fruit as compared to 
that of the leaves situated immediately behind it is an almost negligible 
factor and it ap])ears reasonably certain that either water is actually 
drawn back or that the normal supply is decreased. 

Coiiskh'ring these two possibilities, the first merits more considera- 
tion as it is supported by ])roof %vhich, though not absolute, is at least 
presumptive evkhuice of a strong enough character; while on the other 
hand the second possibility, agreeing though it does with tlie most 
rec('nt theory on sap mov(*ments in plants as put forth by Dixon, is 
still a theoretical consideration. According to this tlieory, which pos- 
tulates strong tensions existing in the ascending water columns, no 
assumption of an a(*tual reversal of the current is necessary in order 
to explain a decrease in moisture content. During normal conditions 
the relation l)etue(ui tlu‘ tensions (‘xisting in the water columns leading 
to the fruits and those leading to the leaves is such that both organs 
receive an adequate watcu* supply. The tension existing in any one 
of these water columns is a function of tlie transpiring force existing 
in the transpiring plant oi’gan as mo<lified by atmospheric conditions. 
Therefore, as tliese transpiring forci*s vary, the tensions vary. Trans- 
piration from the leaves, for reasons pointed out above, is subject to 
much great (T variatioji than that from the fruits. Therefore during 
periods wdien (waporation is greatly accelerated the tensions in those 
water columns leading to the leaves are gn^atly increased and as a 
consequtuice more Avater is drawn to them. Arf the source of supply 
in the conducting system is practically constant, the amount in the 
fruits is thereby reduced and this results in a decrease of relative 
w^ater content of a magnitude conditiomnl by the transpiration of thf* 
fruit. 

llow^ever, it should be noted that the data in table 1 show" a 
d(‘crease in absolute w^ater content of the fruit of 15^/) to 20'/, a loss 
of (*onsidera])l(» magnitude. There arc only two w"ays in wliich such 
a decrease in absolute winter content can take place: (1) the water 
is lost by transpiration from the fruit, or (2) it is drawm back by 
the leaves. But since the fruit i)ossesses a very small stomatal area 
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as compared with the leaves and, moreover, it is highly probable that 
a large percentage of this area is non-funetional, being obstructed 
by accumulations of a resinous nature, there is small likeliliood for 
absolute loss of water in this manner to the extent noted. Hence 
there seems but one way to explain it and that is by movement back 
from the fruits. 

Evidence^ of an indirect nature pointing to the same conclusion 
lies in tlie fact that there are some indications that abscission of a 
certain proi)ortion of the young fruits is directly due to the influence 
of hydrolysing enzym(*s secr(‘ted by certain saprophytic or facultative 
parasitic fungi always found presemt on the shriveled style and fre- 
quently in th(‘ proliferations of the navel. Sucli enzymes in order to 
act on the abscission layer must be drawn back through the vascular 
systems of the fruit into the pedicel where this layer is located. 
Inv(*vStigations on this point are now in progress. 

Experiment 7 — Three similar fruits w’en^ selected on different 
parts of a tr(‘e; on one of the low'er brandies in the shade, at a height 
of four feet, and in the toj) of the tree in full sunlight. At noon each 
fruit wm pared so as to admit entrance of a solution and then plunged 
quickly into a small vial containing a ’watery solution of eosin. These 
vials w’(‘re s(*curely tied to the shoot and l(*ft suspended for tw’o hours. 
At the end of that time, on cutting lea\es from these shoots, eosin 
staining was found in the \ascular systems of all. On examining back- 
ward toward the tree, eosin was found as far back as thirty centi- 
meters. This experiment was repeat(‘<l a number of time's both at 
Edison and at Riverside and uniformly gave the same results, although 
much less marked at the latter place. Tn evi'ry ease the backw^ard 
movement of the eosin solution was at its maximum during the 
afternoon. 

Chitting the ends of branches in situ under a watery solution of 
eosin ’was trh'd at diffenmt tilings of day and gave similar results. 
This ex]ieriment ’was performed at Edison, Riverside and Indio. At 
tlie latter ])lace, wdth the tem])erature at 116° F and the humidity at 
89^. the eosin solution traveh'd backward at tin* astonishing rate of 
30 cm. per minute at 6 p.m. Similar results w^en' obtained using 
E ncalypius rvdis as material. In fact wdth long slender poles of 
Eucalyptus ^ rdicornis at Edison, such a remarkably rapid backw^ard 
flow of eosin w^as observed (105 cm. in one minute) in the afternoon 
as to compel the conclusion that after all, the force responsible for 
this movement under such conditions must be negative pressure pro- 
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(luced by rapid transpiration rather than a mere difference in osmotic 
concentration of the solutions involved. Moreover, negative pressure 
produced by transpiration would seem a more ])lausible explanation 
of the results obtained by Chandler^ ^ with tomato plants and by him 
attributed to osmosis. For as Dixon’- has pointed out ‘‘it is quite })OS- 
sible for the solvent, water, to be in a state of tension, i.e., at a negative 
pressure, while the dissolved substance may be at a positive pressure 
and be active as a distending force in the cell.^’ 

These experiments, it is believed show that, during the afternoon 
at least, strong negative pressures exist in the wat(*r columns of citrus 
trees undcu* the climatic conditions here considered and that the young 
develoj)ing fruits" are d(qu‘ived periodically of a i)art of their water 
sui)ply by excessive transpiration fi*om the leavers. 

During th(‘ Jum‘-(lrop period of 1916 a number of hoh*s ^^(*re dug 
in various parts of tlu' Edison orchard to a depth of six fe(*t and 
moisture determinations ma(l(» at various d(‘pths and on all sid(‘s of 
the tree. The moisture content ^\as found to range betwtHUi 5'? 6'^ 
just before* iri'igalion and b(*twe(m 10' ^ -12'/* soon after irrigation, A 
fruit gro^^er observing this soil and the vigorous growth of the trees 
ANOuld hardly conclude tliat tin* tr(*es were suffering from lack of 
water. However, tlu* sperific effect of variations in the moisture con- 
tent of th(* soil on the transpiration rate* and wat(*r content of orange* 
le*ave*s has not y(*t be‘(‘ii carefully de*te*rmine*d. While there is little* 
rooiri to doubt that the* above‘-ground complex is more* important in 
intluemcing transpiration than the l)e*low-ground comple‘x, still it is 
(uitirely jmssible* that this abnormal wate*r ele*ficit in the* le*ave*s anei 
fruit may be more easily inelue*(*el by sudde*n changers in the climatic 
comi)le*x unde*!* conelitions of a de‘ficient moisture supply in the* soil or, 
what amounts to the* sanie tiling, an inhibition of the normal absorption 
due* to lack of sufficie*nt ae*ratioii or e*xce*ssively high soil te*mpe‘rature*s. 
N(‘verthel(*ss e*vidence* is not lacking that marke*d change‘s in air te*m- 
perature and humielity may be sufficient to cause abscission of young 
fruits e‘ve*n though the soil moisture conelitions be* ide*al. Sue*h a]){)ar- 
ently is the e*xplanation of the ]u*avy elrop of Washington Nave‘ls 
alreaely referre*d to, which occurred over mOst of the citrus elistricts 
imme*diate‘ly following the* e*xce*ssive temperature*s of June 15-17, 1017, 
when the* !tie*reury reache*el 110->12()'’F in many parts of the citrus 
distri(*t soutli of the Tediachapi mountains. 

Mo. Sta. Ros. Hull. 14, pJ. 1:5. 

Lor. ctt. p. 140. 
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CONCLTIKION 

This paper deals with one phase of an inv(*stigation of a so-called 
physiological disease, Juik* drop of the Washington Navel orange. 
An excessiv(‘ dropping of the young fruits has been experienc(‘d for 
years in the dry interior valleys of California and Arizona. 

An abnormal wat(*r relation is found to obtain periodically in 
citrus foliage and in the young fruits during tlu^ hot growing season 
in these rt‘gions. A diurnal decrease in water contcuit of the fruits 
occurs during the afternoon and is accomi)anied by a considerable 
increase in tlie water deficit of the heaves. N(‘gative prc'ssures of con- 
siderable magnitude are found in the water columns of citrus trees 
under these climatic conditions. These attain th(‘ir maximum during 
th(^ afternoon. Tlu^ dro])ping of the fruits appears to be iiiost S(*vere 
wh(»re the abov(‘ nu‘ntion(‘<l water I'clations ar(‘ most abnormal. 

Inasmuch as in the case of certain otlici* plants tlu' abscission of 
young fruits has bt*en shown to b(‘ dui* to abnormal w'ater relations it 
is suggested that such may lx* tin* case hen*. 

In conclusion, the write]* wish(‘s to acknow'h*dge liis in(lebt(‘dness 
to Crof<*ssor *1. Eliot (\)it, un(h*r whose su]>ervision and wuth w’hose 
assistanci* a larg<^ part of the experim(*ntal work w'as done; also his 
obligations to Erof<*ssor (diai’les 1>. Li])man foi* his kindly int(*rest in 
the investigation and foi* his many useful sugg(*sti()ns, and to tin* 
Edison Land and Water Comi>an\ foi- their kind and court(*ous 
c(x)p<*rati()n. 



PLATE 12 

Fig. 1. Showing extent to which the leaves can draw on the water in the fruit. 
Both shoots were out at the same time and ha<i approximately the same leaf 
area. All cuts were sealed with vaseline. The fresh-appearing leaves on the 
shoot at the left have maintained themselves at the expense of water in the 
fruit. Note the difference in reflection of light from the two fruits. Hee 
Experiment 1. 

Fig. 2. Photograph illustrating an orange slioot so arranged as to be able to 
draw water from one end an<l eosin solution through the pare<l apex of a small 
fruit at the other. In spite of this double supjdy a large water deficit occurred, 
and eosin was drawn back from the container on the right to the leaf in*xt to the 
water container on the left. See Experiment 6. 
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A NEW DENDROMETER 

BY 

DONALD BRUCE 

There is a growing demand for a satisfactory dendrometer, or 
instrument wliieh will measure the diameter of trees at points out of 
reach from the ground. An indication both of the wide demand and 
of the retpiirements which such an instrument must meet may be 
gained from a (‘onsideration of the following instances. 

In certain regions, United States Forest Service timber estimators 
have made use of a volume table based on a diameter measurement 
at the top of the first sixteen-foot log inst(»ad of at the conventional 
breast-high point. This was on account of tlu^ abnormal form of the 
badly burned butts, whicdi made a lower measurement both uncertain 
and a j)Oor index of volume. (Vmsiderable trou))le resulted through 
inability to check the ocular estimates of diameters except by uncer- 
tain methods of measuring at breast height and subtracting the esti- 
mated taper. For such cases there is needed a dendrometer of 
moderate precision, larg(^ range, considerable rajiidity, lightness, and 
])ortability. 

Many volume tables are based on a measurement of height to a 
certain fixed cutting limit, such as six, eight, or ten inches top 
diam(*ter. From the ground it is often more difficult to identify this 
point than it is to estimate its height, and considerable errors result. 
Instruments of only a small range of sizes are needed, and in fact for 
a given volume table, or a consistent set of tables, an instrument that 
can bt‘ fixc‘d and adjusted for a single diameter would serve the 
purpose. 

Other volume tables are based on height to the limit of merchant- 
ableness. This limit, however, varies widely in different regions, even 
for a single species, and to use such a volume table accurately one 
must know the top diameter corresponding with each value of the 
table and estimate heights accordingly. Exactly the same type of in- 
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struineiit is nMiuired as in the last case, save that a slightly larger 
range of diameters is needed and a fixed adjustment for a definite size 
is not ade(jiiate. 

Many Pacific coast volume tables are based on diameter, height, 
and taper. While the first two factors are measured, at least oc(*asion- 
ally, the last is usually a matter of guesswork (‘utirely. The instru- 
nuuit needed to strengthen this part of the work is a dendrometer 
|)Ossessing the qualities above mentioned, and in addition one whi(*h 
works indei)endently of distance, since both horizontal distances and 
heights w Wl usually be but roughly approximated. 

Tn many scientific' studies of growth on ])erman(‘nt sample j)lots in 
this ('ountry periodic measurements of diameters breast-high and 



Fig. 1 


heights are being secured, and growth in volume is being calculat(*d 
from these data by means of a single volume table for (‘aeh spcries. 
As a rc'sult, whatcAcr gro^\tll results from a change in tree* form is 
being neglected. A dcmdroimdcT is ni'eded of eonsidc'rablt' precision, 
but not necessarily so portable or ra])id in action as in the pn^vious 
cases. Its range in most cases necsl not lx* great, since' the more 
important growth ])r()blems are connected with s(‘cond-growth timber 
or, at least, with trees below a certain diameter limit. 

Schiffers formula for obtaining volume has not been sufficiently 
tested for most American species, but it is regardetl as probably having 
a high \alue in many case's. It rerpiires a measuremtmt of diameter 
at a point half way up the bole, and hence a dendrometer. The 
qualifications of a satisfactory in.strument will naturally depend on 
the ('haracter of the work being done. 

All these instances indicate that it is not due to the absen<*o of a 
real net'd that dendrometers are practically unknown in America. It 
seems obvious, rather, that no existing type* satisfies the conditions 
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above outlined. The following l)ages describe an instrument based on 
a somewhat different prin(*ii)le from those i)reviously devised, which 
will be seen in a lar^e measure to meet tliese recpii remen ts. 

It consists essentially of a straight arm upon which are mounted 
two small mirrors, both at an angle of 45 degrees with the axis of the 
arm, parallel to each other and facing in opposite directions (see 
fig- f )• One mirror is fixed at one end of the arm, while the other 
is mounted on a slide which travels along the arm. Graduations 
permit a dire(‘t reading of the distance between the mirrors. 

The principle is indicated by figure 1 which shows the relative 
position, as seen from above, of tree, obs<'rv(‘r \s ey(% and of the instru- 
ment when in use. It will readily be seen that the instrument is 
clo.sely akin to the ordinary calipers in principle, excei)t that for the 
l)arallel fix(‘d and movable arms of the (‘alip(U*s art* substituted two 
j)arallel lines of sight. Tlit* dir(‘ct line of sight passes just above the 
uj)per edge of the fixed mirror from eye to out* edge of tiie tree, while 
the indir(*(d line of sight is reflected in each of the tv\o mirrors to Iht* 
other edge of the tree. That the two lint*s of sight art* parallt*! and 
hence that the distant'C betwt*en the mirrors is t‘(iual to the diameter 
of the trt*e is too self-evidt‘nt to demand geom(‘trical demonstration. 

In use the obs(*rvt*r holds the dendromett‘r arm horizontal (if the 
tree is in the normal verti(*al position) \\ith one t)f tin* mirrors in line 
b(*tween his eye and the left-hand etlge of tht* trt'e at the point to be 
measuretl. lit* thtm catches the retlectioii of the sect iid mirror in Ihe 
first, thus bringing the arm into a line p(‘r])endicular to the line from 
eye to tret*. By sliding the second mirror in or out, the right-hand 
edge of the tree will bt*come Ausible in it. The adjust mt*nt is now 
t*ontinued until the left-hand edge as seen directly and just abovt* the 
fixed mirror, and the right-hantl edge as seen indirectly through the 
two mirrors, are in a straiglit line, oin* imnuMliately aliove the other. 
The distam*e betwe(*n the mirrors as read from the graduations on the 
arm is tlien the recpiired diameter. 

Th(‘ advantages and disadvantages of the instrument are evident. 
a. Ft is direct reading. 

h. The distance from the obs(*rver to tin* ]>oint observc'd does not 
have to be determined. 
c. As a result, the instrument is rapid in use. 

(I. It may be set for a given diameter, regardless of distaru'e. 
c. It is light in weight and of convenient shape for carrying; 
it is more iiortable than a pair of calipers of tin* same range. 
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/. It will measure only a moderate range of sizes. 
g. While very accurate for a hand instrument, it is not capable 
of extreme precision. 

The reason for the last two statements will be explained in the fol- 
lowing pages. 

It is evident that it will meet quite well the requirements already 
outlined. It fails at two points only — its moderate range might pre- 
vent its Uvse in very large timber, and its lack of absolute accuracy 
may militate against it for very precise, scientific work. 

Most of the errors of such a dendrometer are easily kept negligible. 
Of course at any considerable distance, small variations of diameter 
are imperceptible and cannot be measured. Since the minimum visual 
angle for normal eyes is one minute, two-tenths of an inc'h is the 
smalh'st variation recognizable at a distaiu'c of fifty feet. This con- 
sideration applies equally to all dendrometers whi(*h do not involve 
telescopic observations, and the use of a telescope at once means a 
heavy and awkward instrument. 

If the arm is not held at right angles to the dire(*t line of sight, 
the graduations on the arm will no longer im^asure th(» distance })etw(‘en 
mirrors along the indirect sight line, nor will this distaiu'c agree with 
the desired diameter. However, this error (‘an n(‘ver b(‘ large since, 
unless the arm is in approximately the correct position, the S(‘(*()nd 
mirror cannot be seen at all in the first, and to center its iniagi* 
therein is an instiru'tive proceeding. For more precis(‘ woi’k, however, 
an additional aid may be afforded by vertical lines scratched into the 
backing of each mirror at its exact c(mt(‘r, which are to be brought 
into apparent coincid(*nce when the instrument is in use. An alter- 
native method of obtaining the same n'sult is to mask tlie fixed mirror 
with dark paper until, at the most (*on\eni(‘nt distance from the eye, 
the whole of the movable mirror can just b(‘ seen in it. The ]:)osition 
of .su(‘h a mask is shown in figure 2, A. 

A rotation of th(* d(*ndromet{‘r about the axis of the arm will, of 
course, raise or lower the indirect sight line running from the instni- 
numt to The tre(\ TTc^re again, however, unless the position is essen- 
tially (‘orrect, the image of mirror 2 cannot be found in mirror 1. The 
error resulting, mor(‘ov(»r, is merely the amount of taper that occurs 
between the points observc'd by the direct and indin'ct sight lines, 
whi(*h is usually negligible. 

Of cour.s(‘, if the two lin(‘s of sight are not parallel, serious errors 
will result. This d(‘p(‘nds on having the two mirrors parallel and is 
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in part a matter of adjustment. Two opposed adjusting screws must 
therefore control the rotation of one of the two mirrors. Adjustment 
is simple Some target of known diameter or breadth (a sheet of 
paper against a dark background will serve) is observed Muth the 
instrument set at the corresponding diameter. The mirror is then 
rotated by its adjustment screws until the two edges appear in line. 
This process is delicate, but neither complicated nor difficult. 
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a. — A ’•in. e . — Fixed mirror and supj>ort. 

h . — Stationary mirror jdatforin. f , — Adjustable minor and su|»i)ort. 

c . — Sliding mirror ])latform. o(f . — Adjustment scktss. 

(1. — Slide. h, 1 .- -Springs. 

Fig. 2 


The one error Avhich dominates all otluTs is that due fo a failure 
of the arm to be absolutely straight. This is unfortunately a matter 
of instrumental construction and not of adjustment, and the difficulty 
of making this arm straight is surprisingly great. It is obvious that 
almost im])er(*e])tible deviations Avill result in slightly diverging or 
converging sight lines and in increasingly serious errors in the 
diameter readings, as the distance at which th(‘ measurement is taken 
is lengthened. In the instrument described the maximum error from 
this source is .0 inch when used at fifty feet ; it is doubtful if materially 
b(*tter results are obtainabl(\ This is not excessive. Even with a transit 
read to the nearest minute, the diameters fifty feet away can be read 
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but to the nearest .2 ineh. With a hand instrument of the common 
type which involves tlie measurement of the angle between two sight 
lines it is difficult to provide for an accurate reading closer than to 
the nearest 10 minutes. This means that at the same distance 1.7 
inches would be the minimum recognizable difference in diameter. 

Figure 2 shows the details of construction.’ a-a, of B, and (\ 
is the straight arm which is made of a (*asting of aluminum alloy. 
The straight edge is the back surface of the slot which is recessed into 
the upper surface of the arm, as is best seen in the (*ross-section. This 
cross-section is perhaps unnecessarily heavy, but was so designed to 
insure as j^erfect a straight edge as possible. In this slot travels the 
slide r/ shown in detail in 7), E and F, whi(*h are drawn to twice the 
scale of A, B and (\ This slide is e(piipped with two s])rings, h and /, 
which hold it against the back and upj)er surfaces of the slot. Upon 



Fig. .3 


it is mounted the mirror jilatform, and mirror ( turned to an angle 
of 45 degrees to the axis of tlie slide. At the vud of th(* arm a s(‘(*ond 
fixed mirror platform, h, is mount<‘d on which is \ho se(*ond mirror. 

which can be adjust(‘d by tlie two oppos(‘d adjusting scnwvs, (/-//. 
This mirror is show'n wdth both center line and mask, though both are 
liardly necessary. Tin* scale is readily seen in A, This is r(‘ad by 
m(‘ans of the small arrow tmgraved on the sub‘ of r, as showm in both 
A and E. In A the reading, for example, is 12.2 -. 

If th(^ w'(‘ight of the instrument, slightly less tlian 27 ounct*s is 
found obj(‘ctionab](s it would jirobably ix' saf(‘ to lighten materially 
the (*ross-section of the arm by reducing both the depth of the dowm- 
ward ])rojer‘ting ribs and the thickness of tlie lateral walls. The 
mirrors also, as shown, are very generous in size, and might be 
rt^duced to about two-thirds the indicat(‘d dimensions w^ithout intro- 
ducing any serious difficulti(\s through restricting tlie field of vision. 

1 To Mr. V. Aint/on of the (’ivil Kiigiiicoring Laboratory of the University 
of California, credit in due for the major part of the detail of design. 
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The instrument shown has an arm eig^hteen inches long and will 
read diameters from three to seventeen inches. A longer arm is, of 
course, possible, but at about thirty incln^s a point is reached at whi<*h 
the adjustment of the sliding mirror when held in working position 
woidd become awkward. This may then be taken as the. practi(*al 
limit, unless some modification of the principle be adopted. Tliis 
range will be sufficient for a great deal of the work to be done. Tf 
less accuracy is re(|uir(Hl, im'asurenu'nts of double this size can be 
se(*ured by taking the cent(‘r of the tree as the target for the direct 
line of sight, instead of the left-hand edge, and bringing the reflection 
of the right-hand edge in line with tin* center point. This operation 
can be jierformed more accurately than might at llrst be snpposc^d, 
aTid the method, while rough, is probably (piite adequate for work in 
connection with the Pacific coast volume tables already mentioned, 
in which ta])(*r is a factor. 

A quick field test of the parallelism of the sight lines (insists in 
measuring the same diameter at two different distances. The readings 
should, of (‘ourse, lie identical, or rather, since a small observational 
error is unavoidabh\ as nearly identical as would be two consecutive 
m(‘asurenients from a single position. If an error is found and it is 
not conv(‘nient to make the ]>roper adjustment it may be simply and 
quite a(*curat<‘]y allowed for, by taking (‘onsecnitive observations at 
two known distaiu'cs. For example, suppose the first reading is 14.8 
inches and the second reading taken at one-half the distance is found 
to b(‘ 14.4 imdies. Since the error is proportional to the distance, a 
reduction of the distance to one-half must also reduce the error to 
on<‘-half. The reduction in error is .4 of an inch, the to’al original 
(*rror must have been .8 of an inch, and the (‘orn^t reading is therefore 
14.8 — .8 — 14.0 inches. AVlu*re the errors are small, the major por- 
tion of th(‘m can thus be eliminated, even if tlie distances are estimated 
inst(‘ad of measured. 

A modification of this type of dendromet(‘r is suggested for timber 
survey crews which are using voluine tabli‘s to a fixed top-cutting limit 
such as six or eight inches. All that is necessary in such cases is the 
pair of parallel mirrors, one of which is adjustable, mounted six or 
eight inches a})art on any light but rigid base not affected too readily 
by changes of temperature or humidity. Py thus eliminating the 
straight edge and slide of the instrument herein described, the most 
serious source of error will be eliminated and the cost largely reduced. 
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Introduction 

Most of the published studies of wine yeast deal with its activities 
as related to wine iriaking. Its botanical characteristics and still less 
its fundamental physiological reactions have apparently received little 
attention. Among the most im])ortant and interesting iiiyestigations 
of higher plants, bacteria and animals in r(*cent years have been studies 
of the effects of various single salts and various combinations of salts 
on the physiology of these organisms. For exampli% it has beem found 
by Osterhout^’ ^ that practically all of tin* simple salts, such as 
sodium ehlorid(», potassium chloride, calcium chloride, etc., have a 
decided toxic action upon the plant when it is subjected to the action 
of a single pure salt. Further, if certain combinations of two or mor(‘ 
salts were used in c(*rtain ratios the toxicity was reduced. This 
r(iduction of toxicity is commonly termed antagonism between the 
salts used. It was found also that a combination of all the salts in 
th(i ratios in which they occur in the soil solutions or in other solutions 
to which the plant is accustomed afford the best conditions for growth. 
Such a combination is spoken of as a physiologically balanced solution. 

Loeb working with marine animals and C. B. I^ipman with soil 
and other bacteria obtained results similar to those obtained by Oster- 
hout with the higher plants. As was to be expected, the reaction of 
animals to the salts was not identical with that of bacteria, nor does 
either reaction follow the behavior of the higher plants closely. In 
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general, however, the results wdth all three classes Wf 3 re of the same 
kind; that is, single salts, hitherto considered non-toxic, were found 
to be toxic to organisms, while various combinations of these salts 
showed antagonism or reduction of toxicity in the pr(»scnce of each 
other. In accordance with these facts, a physiologically balanced 
solution can be made by using i>roper concentrations and proportions 
of the various salts found in the solutions to which the organism is 
accustomed. 

So far as the writer could ascertain, no one has investigated the 
behavior of yeast in this respect. Results of investigations of the 
eflFects of the heavy metallic salts, such as mercuric chloride, silver 
nitrate, etc., on yeast have been published (Bokarny^^), but nothing 
has appeared upon tin* toxic and antagonistic effects of such salts as 
sodium chloride, x)otassiuni chloride, calcium chloride, and magnesium 
chloride. Tliis field tli(‘refore seemed esi)ecially inviting, and it was 
with the idea of studying the fundanumtal relations existing between 
yeast and the chlorides that the writ(*r undertook the ^^ork summarized 
in the following ])ages. 


AcKN(WLET>GMKNTS 

The expc‘riments on which this paper is based wtt’c carried out 
under the gen(»ral sujxTvision of Professor W. Y Pruess, and I am 
indebted to Professor F. T. Bioletti for sugg(*stions and critical read- 
ing of th(‘ manuscript. 

Mkthod of Experiment \tion 

In the selection of a yeast for my investigation I w\as led to use 
the wdne yeast, SaccJfaromifiws cUipsoidtus, by the fact that it is one 
of the most useful of all yt'asts and is universally used in wiiK' making. 
It is also one of the most vigorous, is eavsy to grow*, and gives definite 
results in a few^ days. 

The particular yeast, no. 66, used in this expeiument, was isolated 
by William V. (hmess from one of the wineries in northern California. 
It has been found by re])eated trials that specimens of Saccharomyccs 
clUpsoidcus collected from different sources are not identical as to 
their physiological characters in every respect, ami so do not respond 
in different salt solutions in the same way. An (experiment showing 
this will be described later. 

Although work on this line may not liave immediate practical 
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valu(* to Die zymologist, it is of considerable scientific interest. It is 
with this tlioiight that those experiments have b(^en carried out in the 
Laboratory of Zymology.* 

The salts tested in these experiments were the chlorides of potas- 
sium, magnesium, calcium and sodium, ea(*h being taken up separately. 
The reason for choosing these chlorides Avas that their metallic ions 
(cations) aredhose most abundant in the ash of grape juice. Besides, 
Loeb^ and Lipman^^ have shown that the ])Ositive ions of these salts 
haA'^e the most effect, while their negative ions (anions) have the least. 
Owing to the fact that the effect of the chlorine ion is uniform in 
all case's, the metallic ions show their cluiracteristic (‘ffects on the yeast 
culturi* very clearly. 

(lioivc of Solution . — It has been shown by Loeb A\d1h marine ani- 
mals (Fundulu.9), by Osterhout AA’ith higher plants (A\dieat), and by 
Lipman Avitli soil bacteria {Bat Ulus suhtilis) that, for the groAvtli of 
living organisms, a nutrient solution must bt* physiologically balanced. 
In order to grow the yeast in a medium Avhose constituents were 
knoAAm both in (juality and quantity, it Avas necessary to prepare 
a nutrient solution from f)ur(‘ materials. Such a solution must con- 
tain an adequate amount of nitrogen and phosphorus in ord(‘r that 
the yeast may grow rapidly. For this puri)Ose a number of sub- 
.stances were tried, such as Witte's peptone, asparagin, urea, and 
ammonium phosf)hat(', iji different concentrations, Avith pure cane 
sugar or })ure dextrose*. Witte* 's peptone j>roveel to be* impui’e*, being 
very high in ash, and the others did not give satisfactory results. 
As dextrose is not easily available in the market at pr(*s(*nt, pure cane* 
sugar had to be us(‘d as a carbohydrate fofMl anel as a soui'ce of fer- 
mentable material. 

Later a synthetic solution Avas made* Avith liydi*olize*d pure cane* 
sugar, j)hosphoric acid, and ammonia. AAdiich A\as suitable* for the 
groAAdh of y<*ast for experimental purpose*s. Although this synthetic 
solution produces a sloAver rate of groAvth than grape juice, AA'hich is 
a perfect physiologically balancc*d solution for yeast fermentation, it 
gives sufficient growth for experimental work. To make it, a 50 per 
c(*nt pure cane* sugar syrup was made Avith distilled w^atcr and a 
measured amount (1 gram per 100 c.c. of syrup) of })hosj)horic acid 
added. This syrup Avas hydroliz(*d by boiling for one-half hour on 
a slow^ fire, and was then jieutralized Avith dilule* ammonium hydroxide. 
LiLnus solution Avas useel to test the neutrality of the syrup. The* 

These 02.pcriiiicntfe were carried out under the general supervision of William 
V. Crucss. 
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ammonium phosphate that eventually formed furnished both the 
nitrogen and phosphorus needed by the yeast. As yeast cells grow 
easily in moderately acid, but not in alkaline solutions, the syrup 
was left slightly acid, being tested by titration with N/10 solution of 
sodium hydroxide. To facilitate the work, the syrup was boiled down 
to 65°Balling and put into a corked bottle. From this concentrated 
synthetic solution a measured quantity was drawn off and diluted with 
distilled water to r)°Bal. for use in the cultures. 

Method of Detfrminiog the Aitivitg of the Yeast . — The experi- 
ments were carried on in a series of 200 c.c. Erlenmyer flasks. To 
each flask the weighed amount of salt was added and 100 c.c. of the 
diluted synthetic solution placed in the flask by means of a 100 e.c. 
})ip<ffte. 

The stilts w(Te w(*igh(*d according to their respective molecular 
concentrations. The flasks as soon as filled were ])lugged with cotton 
and stfTilized. After they had cooled down to the room t(*mperature 
they were inocnilated with the yeast from a new culture. For this 
l)urpose the new culture was prepared in a 200 c.c. Erlenmyer flask 
containing 100 c.c. of the synthetic solution. The yeast thus became 
habituated to this solution and th(‘refore grew raj>idly and uniformly 
in the flasks. The new culture was transferred from a mother culture 
in grai)e juice and ])ut into the incubator for forty-eight liours at 
28°(\ At the end of this period the flasks containing the salts were 
inoculated ^\ith oin* cubic centimeter of the new culture. After 
inoculation, the flasks were put into the incubator, which was kept 
at an approximately even temperature of 28^ (\ during the entire 
ex[)eriment. 

As the alcoholic fermentation in the synthetic solution was not 
rapid (‘iiougli to serve as a crittu’ion, the multi])lication of the cells 
was taken as the measure of the activity of tlie yeast. Accordingly 
a microscopical count was made every forty-eight hours witli a cali- 
brated microscope. Five counts were made in each (xi)erim(uit, during 
a period of about twelve days. In every case two blanks, with no 
added salts, were made up, and the labh^s given represent the average 
of two sets of duplicate experiments, except in the cases of })otassium 
chloride and magnesium chloride, where the results were so close that 
only the first s('t of dui)licates \\as used. It may be add('d that the 
incubator did not keep exactly the same temptu'ature throughout the 
experiments, but ranged from 27‘^(1 to 29®(\ This difference of 2'^C., 
however, did not interfere appreciably with the uniformity of growth 
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and the cheek flasks controlled any slight variation it may have 
caused. 

)!^alts Used . — During February, 1916, a series of experiments in 
two parts was planned. The first concerned the toxicity of the single 
salts and the second the antagonistic effects of all their binary and 
ternary combinations, as follows: 

I. Toxicity op the Single Salts 

3. CaCl, 

4. NaCl 

IT. Antagonistic Effects of (Combinations 

A. Binary Combinations 

1. MgCl, -f CaCl, 4. KCl + NaCl 

2. KCl 4- CaCn, 5. KCl + MgCb 

3. MgCla 4- NaCl 6. CaCl, 4 NaCl 

B. Ternary Combinations 

1. NaCl 4 KCl 4 (’aCl, 3. NaCl -f MgCl. + CaCl, 

2. NaCl 4- KCl 4 MgCl, 4. KCl 4 CaCl,*4 Mg(1, 


1. KCl 

2. MgCl, 


A. Experiments With Single Salts — Toxic Effects 

In all cases chemically pure salts (Baker’s analyzed) were used. 
Each amount of the single salts was carefull}" weighed and put into 
the flasks, except .OOIM and .OIM, which were added as solutions of 
known strength according to molecular WTughts. Tin* following pro- 
portions were taken : 

1. KCl — .OOlM to 2.2M* Molecular 

2. MgCl, — .OOIM to I.2M 

3. CaCh — .OOIM to .7M 

4. NaCl — .OOIM to .2M 

All of these solutions w^re clear except the calcium chloride, wdiich 
gave an appreciable amount of coagulated precipitate of calcium phos- 
phate with the pliosphorus of the synthetic solution. This, however, 
did not interfere with the experiment, as the precipitate disappeared 
with the growth of the y(‘ast and the solution finally became almost 
clear. The tables and curves given in each case show^ the growth of 
yeast at every forty-eight hours in the different molecular concen- 

* M represents the degree of eoncentration in a solution which contains one 
gram molecule of the substance in one litre of solution. 
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trations of each salt as indicated above. In the microscopical count 
one million yeast cells per cubic centimeter was taken as an appreci- 
able number; below that it was not considered that any appreciable 
growth had taken place. 


SPmiKS I— POTASSIUM (’ITLORIDK 

Thirty 200 c.c. Erlenmyer flasks were arranged in duplicate, in- 
cluding two blanks. Tlu* first pair had no salt added and was used 
as a check. Th(^ second ])air had .001 M KCl and the third '.OIM K('l, 
and so on to the last pair, \vhieh had 2.2M KCl, as shown in the table 
below. Th(‘n, with a 100 e.(*. pipette one hundred cubic centimeters 
of the diluted synthetic solution (5^Bal.) were put into each flask. 
Th(‘ flasks were plugged with cotton, sterilized, and inoculated with 
yeast, as slated before, and j)ut into the incubator, and counted every 
forty-eight hours. Tln^ rcvsults are shown in table 1 and the curves 
in figure 1. 

The (*urv(\s have be(‘n ])lotted from the r(‘sults of every forty-eight 
hours' growth, taking tin* various concentrations of potassium chloride 
as al)scissae and the number of yeast cells, count(‘d in millions, as 
ordinates (fig. 1). Following the table and th(‘ eurv(‘s, it is (*vident 
at a glance that potassium chloride up to the concentration of .2M 
a('C(*lerates the multiplication of the yeast. Beyond this it becomes 
gradually more and more toxic until at 2.2M the y(‘ast cells entindy 
cease to multiply. Both MagouaiP^' and Lii)man,’^ esi)eeially the 
former, foinid a strong resemblance between potassium (diloride and 
sodium chloride in their action on wheat and on Badllus suhiilis. 
The yeast shows ])hysiological charactmustics difftTing from thost* of 
either the l)acteria or the wheat. 

Lipman^^ found sodiinu chloride the least toxic to Bacillus suhfilis 
and potassi\nn chloride second. Magowan,'^' witli vheat, found this 
position reversed, the potassium chlorid(‘ being less toxi(». Both ob- 
servers found that thest‘ salts were very similar in their degree of 
toxicity. To yeast sodium chloride is the most toxic of the four salts 
and })otassium chloride the least. Ostwald^ in experimenting with 
animals (Granimarus) found potassium chloride the most to.xic, and 
Loeb s work*’*"* with Fund ulus corroborates this to a certain extent. 
The reaction of yeast, therefore, differs from that of bacteria of the 
higher plants or of animals. 
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Table 1 — Toxic Effect op KCl on Saccharomyces ellipsoideus 


M.KCl 

48 hrs 

9C hrs. 

144 hrs. 

192 hrs. 

240 hrs. 

.00 

1,695,000 

7,237,000 

11,636,000 

12,892,000 

15,835,000 

.001 

3,325,000 

10,786,000 

15,400,000 

16,217,000 

19,670,000 

.01 

7,797,000 

15,600,000 

18,905,000 

21,479,000 

23,568,000 

.1 

7,262,000 

20,558,000 

24,208,000 

24,608,000 

27,915,000 

.2 

5,650,000 

18,493,000 

29,689,000 

28,783,000 

30,541,000 

.4 

5,425,000 

20,227,000 

25,006,000 

27,560,000 

28,914,000 

.0 

1,130,000 

8,535,000 

20,928,000 

22,802,000 

23,802,000 

.8 

809,000 

5,298,000 

17,670,000 

19,508,000 

20,982,000 

1.0 

226,000 

6,787,000 

15,205,000 

17,986,000 

18,453,000 

1.2 


1,102,000 

8,986,000 

16,207,000 

16,951,000 

1.4 


452,000 

8,765,000 

11,584,000 

12,882,000 

1.6 



3,204,000 

5,794,000 

8,232,000 

1.8 



904,000 

1,243,000 

6,252,000 

2.0 




904,000 

2,051,000 

2.2 




226,000 



Fig. 1. — The ordinatCH rej)reHent millions of yeast cells and the ahseissae, 
the various concentrations of KCl. The ordinates at 0 represent the number 
of yeast cells in the check cultures. 
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8ERIPJ8 II-~MAGNESIITM CHLORIDE 

The same method of procedure was used with MgCl^ as with KCL 
The results are shown in Table 2. 


Table 2 — Toxic Effect of MgCl^ on S. ellipsoideus 


M MgCl . 

48 hr« 

flO hfK 

144 hrs. 

192 hrs 

240 hrs 

.00 

2,412,000 

8,108,000 

12,2()r>,000 

16,837,000 

17,202,000 

,001 

4,972,000 

10,7.’)3,000 

1.5,673,000 

18,871,000 

19,775,000 

.01 

8,751,000 

15,798,000 

18,70.5,000 

19,588,000 

20,374,000 

.1 

3,482,000 

12.227,000 

20,521,000 

25,0 13,000 

26,.501,000 

.2 

2,; i 56,000 

7,204,000 

11,342,000 

15,530,000 

18,617,000 

.4 

1,695,000 

5,400,000 

9,504,000 

12,837,000 

17,413,000 

.6 

989,000 

2,157,000 

7,332,000 

11,2.')3,000 

1 1,905.000 

.8 

226,000 

1,150,000 

4,294,000 

6,943,000 

8,436,000 

1.0 


226,000 

1,875,000 

2,712,000 

2,904 000 

1.2 






226,000 



Fig. 2. — The ordinates re])resent the number of yeast cells in millions and 
the abscissae, the concentration of magnesium chloride. The ordinate at 0 
represents the number of yeast cells in the check cultures. 
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From bath table 2 and the curves in figure* 2, it is evident that 
magnesium chloride is more toxic than potassium chloride. Up to 
the concentration of .IM, it is favorable to the growth of yeast, but 
beyond this it becomes more and more toxic until at 1.2M concen- 
tration tlu*re is little or no growtli at all. In the case of yeast, mag- 
nesium chloride and calcium chloride show less similarity than that 
found by Lipman with soil bacteria, and the toxic effect of magnesium 
chloride is nearer to that of calcium chloride tlian to tljat of potassium 
chloride. Magnesium chloride is not so toxic to yeast as Lipman 
found it with Bacillus suhtilis. In the case of yeast, .7M concen- 
tration of calcium chloride altogether inhibits its growtli. The same* 
concentration, however, of magnesium chloride allows an appreciable 
number of yeast cells to grow, and the same* toxic effect as that of 
.7M CaCl_> is not attained until a concentration of 1.2M Mg(^l^, is 
reached. In fact, magnesium chloride stands midway between the 
two extremes of toxicity of these four salts, nanudy, the more toxic 
NaCd and CaCl., and the less toxic, K(1. 

Loeb,’’ - wdth marine organisms, found tliat a ‘.5M solution of 
magnesium chloride inhibits the development of embryos in tlu* eggs 
of Fund ulus, and that even .125M (^a(NO,)j is toxic, fn his experi- 
ment with soil bacteria Lipman^ ^ has met with about the same result. 
He found that .4M MgCL inhibits the growth of Bacillus suhiihs, 
while for the same effect on yeast a concentration of l.OM MgCL is 
needed. But MagoM'an’^ has shown that with wheat magnesium chlor- 
ide is the most toxic of all the four salts; in this resfx^cl yeast resembl(*s 
neither the animals, nor bacti*ria, nor the higher plants. 

It must b(* noted that the magnesium chloride us(‘d in all the 
experiments was Mg(d,.6IL(), as this is less hygroscojiic than the 
same salt having two molecules less of w^ater (Mg(U^.4ILO), wdiich 
is difficult to w^eigh accurately. IIow'ev(‘r, magn(*sium chlorid(* was 
found more toxic than potassium chloride and more favorabh* than 
calcium chloride, w’hich is directly o{)posit(‘ to the result obtained 
with higher plants. 


SKRIES III— (^ALt’IUM (’IIEORTDE 

The experiment with calcium chloride was carried on in the same 
way. From both table 3 and the curves in figure 3. it is evident that 
.01 M concentration of OaCl 2 gives the highest growth, while beyond 
this favorable concentration CaCl 2 is more and more toxic. In its 
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toxicity to yeast, CaCl^, stands second, NaCl bein^ the most toxic of 
the four salts. A ,5M concentration of OaCl^ allows an appreciable 
growth of yeast, while even .2M NaCl stops all growth. 


Table 3 — Toxic Effect op CaCl. on S. eUipsoideus 


M. CaCb 

48 hrH. 

96 hra. 

144 hrs. 

192 hrs. 

240 hrs. 

.00 

2,599,000 

8, i ;!6,000 

11,752,000 

13,108,000 

16,336,000 

.001 

3,051,000 

9,989,000 

12,656,000 

13,965,000 

17,751,000 

.01 

3,503,000 

11,050,000 

13,926,000 

15,885,000 

19,251,000 

.1 

226,000 

6,034,000 

8,468,000 

10,904,000 

16,674,000 

.2 


1,695,000 

3,256,000 

3,821,000 

15,778,000 

.3 


904,000 

1,130,000 

3,090,000 

14,561,000 

.4 


226,000 

904,000 

1,130,000 

9,771,000 

.5 



226,000 

987,000 

2,935,000 

.6 




226,000 

904,000 

.7 




226,000 



Figf. 3. — The or«li!iates represent the miinber of yeast eells in millions and 
the abscissae the concentration of CaClj. The ordinate at 0 represents the 
number of yeast cells in the check cultures. 


The work of other investigators with regard to the toxicity of 
OaC’lj shows a general agreement with the results obtained by Loeb 
with Fundulus,’‘ Ostwald‘ with fresh water, Grammarus, and Lip- 
man” with soil bacteria, all of which show CaCLj to be extremely tbxie. 
An exception to this general statement is found in the work of 
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]VIagowan, who showed in her experiments that, in the case of wheat, 
CaCl, is the least toxic of the four salts. Here also we find that 
yeast exhibits a peculiar physiological character which does not agree 
with either of the above divisions, the animals or the plants. Perhaps 
this may throw some light on the relation of yeast to these two groups. 


8EBJKS IV— SODIUM CHLORIDE 

As NaCl is the most toxic of all the salts, only a few ])airs of flasks 
were taken, from .001 M to .2M concentration, logetlnu* with a pair 
of blanks. The experiment was carried on in the same way as the 
others. Proiii tabh^ 4 and the curves in figure 4 it is (‘vident that 
NaCl is the most toxic to the yejist. Even the cojicent ration of .OIM 
NaCl did not stimulate the growth of yeast, as it did with tlie other 
salts. The highest growth in this case ^^as in .OOIM, and beyond tliat 
it w as toxic. 


Table 4 — Toxic Effect of VvCl on aS’. fllipsoidiu^ 


M NaCl 

4S his 

Qb his 

14 1 his 

1 02 hrs 

240 his 

.00 

2,424,000 

8,0.’)9,00() 

9,207,000 

11,978,000 

15,112,000 

.001 

3,819,000 

9,005,000 

12,430,000 

12,995,000 

17,907,000 

.01 

3,104,000 

7,458,000 

10.283,000 

10,504,000 

13,000,000 

1 

220,000 

452,000 

452,000 

452,000 

1,130,000 

2 





' 226,000 



Conrentration of salt 

Fig. 4. — The ordinates represent the number of yeast cells in millions and 
the abscissae, the concentration of NaCl. The ordinate at 0 represents the 
number of yeast colls in blank cultures. 
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NaCl shows a directly opposite reaction with yeast from that 
found by Lipman^" with soil bacteria. Both Loeb and Ostwald found 
NaCl to be toxic for animals, but less so than we have found with 
yeast. The toxicity of Na(yl to animals may be compared with the 
toxicity of NaCl.^ to yeast. Loeb'^ found it impossible to develop 
embryos in the eg^ of Fundulus at .625MNaCl. Osterhout'"’ » found 
that a .375M solution of sodium chloride is fairly toxic to marine 
plants. Young plants of a fresh-water alga, Vaucheria sessilis, could 
not live at a .094M concentration of sodium chloride, and even a 
concentration of .0001 M NaCl was found to be toxic. Magowan has 
shown that sodium chloride is very toxic to wheat seedlings and down 
to .02M the root hairs did not grow at all. The relation of yeast to 
])lants is thus to a certain extent shown by similar physiological 
b(*havior. 

It may be noted liere that the experiuKUits with yeasts liave bet‘n 
conducted on the same gcmeral ])rinciple followed by j)revious investi- 
gators with animals, plants, and bacteria. The number of yeast cells 
was taken as the measun* of mult ipli(»at ion or activity and was de- 
t(*rmined by a micros(*opica1 <*ount of (‘ach tiask every forty-eight 
liours. It must b(‘ admitted that experimental errors may occur in 
(‘ounting, but as the numbers were taken from the average results of 
two sets of du])licates it does not interf<‘re with th(‘ validity of tlie 
final result, as tin* range of variation between tin* results of these two 
sets of duplicat(‘S was only between 0 and 10 per cent calculated from 
the m(‘an variation. 

SKIUKS V- KFFi:(T OF THF TOXICII’Y OF SALTS OX Tilt: 

MK’ROS(’OIM(\\L APPKARAXi'F OF YFAST ('ELLS 

It is generally known that all salts at certain concentrations are 
mor(‘ or less toxi(* to living organisms. Y(‘ast shows its ]>hysmlogical 
conditioji in n^ation to various salts in characteristic ways. It is 
evichmt from tin* abovt* experiments that in this resj^Tt it occu])ies 
a place between the animal and the ])lant kingdoms. Although yeast 
grows no]*mally in a physiologically balanced solution, lor which 
grape juice answ^ers in every w’a,\, the addition of a small amount of 
a favorable salt, as ]>otassium chloride, may stimulate the growth a 
great deal. This is of some practical zalue to zymologists. 

Yeast is affected v(Ty remarkably by the toxicity of salts at dif- 
ferent concentrations. In the extreme concentrations it apparently 
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dissolves. This occurs in the cultures having 2.2M KCl, 1.2M, MgCL, 
.7M CaCly, and .2M NaCl respectively. At lower concentrations there 
is a degenerated condition, various shapes occurring, as shown in 
figure C. Such diseased cells show a heavy black membrane, especially 
in the case of CaCla and NaCl, with transparent cell-illusions or black 
spots within the cells. Moreover, they vary in size. This variation 
in size occurs also with K(U and MgCU, but in these cases the yeast 
cells are larger than with Cei(\ and NaCl. In all instances, as the 
concentration of salt increases beyond the favorable degree of con- 
centration the cells become smaller and smaller until finally, in the 
extreme concentrations, they dissolve. Table 5 (a. ft, d) and the 
curves in figure 5 (a, h) show the effect on the size of y(‘ast cells in 
different salt solutions. 

Table 5« — Effect op K(’l on Size of Yeast ('ells (*S'. ellipsoidcus) 


Conc<»ntration 
of aalt 
(M.KOl) 

Av, length 
and breadth of 
yeast eellh 
m Mu. 

Av Vfdiime 
yeast cells 
rnJeulated from 
length and breadth 

.00 

4.7 X 4.6 

77 

.001 

0.4 X 5.4 

1 22 

.01 

6.7 X 6.7 

232 

.1 

6.7 X 6.7 

232 

.2 

6.7 X 6.7 

232 

.4 

6.6 X 6.6 

223 • 

.6 

6,6 X 6.6 

223 

.8 

5.8 X 5.8 

151 

1.0 

5.8 X 5.8 

151 

1.2 

5.8 X 5.8 

151 

1.4 

5.8 y ^.8 

151 

1.6 

4.9 X 4.9 

91 

1.8 

4.9 X 4.9 

91 

2.0 

a.a X 3.3 

28 

2.2 

3.3 X 3.3 

28 


Table ,■)?>— Effect of MgC’Lj ox Size op Yeast ('ells (*S. cllipsoUlnitt} 


Concentratiim 
of salt 
(M MgCls) 

Av. length 
and breadth of 
yeast cells 

It) Mu. 

A\ volume 

A east cells 
calculated from 
length and breadth 

,00 

4.5 X 4.5 

71 

.001 

5.1 x 5.1 

103 

.01 

6.2 X 6.2 

185 

.1 

6.2 X 6.2 

185 

.2 

5.0 X 5.0 

98 

.4 

5.1 X 5.1 

103 

.6 

5.0 X 5,0 

98 

.8 

4.9 X 4.9 

91 

1.0 

4.4 y 4.4 

66 

1.2 

3.3 X 3.3 

28 
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Table Effect of CaCl^ on Size of Yeast Cells (S. ellipsoideus) 


Concentration 
of suit 
(M.CnCb) 

.00 

Av. length 
and breadth of 
yeast cells 
in Mu. 

4.7 X 4.4 

Av. volume 
of yeast eells 
calculated from 
length and breadth 

70 

.001 

4.6 X 4.6 

75 

.01 

4.1 X 4.1 

53 

.1 

3.;i X 3.3 

28 

o 

3.3 X 3.3 

28 

.3 

2.8 y 2.8 

17 

.4 

2.8 X 2.8 

17 

.5 

2.8 X 2.8 

17 

.6 

2.6 X 2.6 

14 

.7 

2.6 2.6 

14 


Table 5^/— Kfke(t of Na<’l ox Size of Veast (’ells (X. eJUpsoules) 


Coneciitration 
of salt 
(M Xa(’l) 

.00 

Av length 
and breadth of 
t>t jeaM cells 
in Mu 

5.1 X 4.8 

Av volume 
of yeast cells 
< alculnted from 
h'ligth and breadth 

91 

.001 

5.0 V 4.4 

75 

.01 

4.4 V 3.3 

• X 

.1 

4.1 x3.3 

34 


2.6 X 2 6 

14 



(■’onrmitratioii of salt 

Fifj. Txz. — (\irves showing the averago relative volumes of yeast cells in 
various concentrations of Ca(.?lf and MgOI,. The ordinates represent the a\erage 
volume of the yeast cells and the abscissae, the concentrations of KCl and MgCl.. 
used. The ordinate at 0 represents the ^olulne in blank cultures. 
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Fig. 5ft. — (’ur\es showing tlio avoragc relative sizes in \olumes of yeast cells 
in various concentrations of K('l aiul MgCl... The or«linates represent the 
\oluine of the yeast cells and the abscissae, the concentrations of the salts used. 
The ordinate at 0 rejiresonts the volume in blank cultures. 



Fig. — A{>pearance of yeast cells in extreme concentrations of salts. 

Normal yeast cells in 1, 2 and 3, diseased yeast cells from extreme concen- 
trations of KCl and MgCl^ in 4 and 5; (white)’*and diseased yeast cells from 
extreme concentration.s of (^aClj and NaCl in 6, 7 and 8 (black or shadowy) 
(X5000). 
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The measurements given are the average of five counts in each 
case. The volumes from which the curves have been drawn in figure 5 
{a, h) have been calculated, for purposes of comparison, as though 
the cells were cylindrical. 

Both from table 5 (a, 6, c, d) and the curves in figure 5 (a, b) it 
is evident that KCl and MgCvL favor growth in size up to the most 
favorable concentration, beyond which the cells decrease in size until 
the extreme concentration is reached, where they dissolve. Both NaCl 
and CaCl , limit the growth (‘ven in minute concentrations, thus show- 
ing th(*ir extreme toxicity to yeast cells. 

Yeast cells seem to have remarkable resistant power. Many of 
them with cell wall thickened to a heavy imnnbrane have be(*n found 
in extreme con<*entrations. Perhaps this heavy membrane is formed 
to resist the osmotic pressure outside the c(‘ll. Besides some of the 
cells in tht*se extrt‘me concentrations are in normal condition and are 
even budding, thus showing the power of ad af)t ability of yeast cells 
to new conditions. After they have become habituated to the presence 
of toxic salts, they grow normally and re))rod\iee. It is probably 
owing to flic adaptability of yeast to different conditions that the 
same yeast, S. dlipsoidms, collected from various sources, shows dis- 
similar physiological characters. Besides in many cas(‘s T have 
observed that tlu' diseaseil yeast cells in extreme toxicity of KCl and 
-MgPb form a white meinbrane with normal cell contents, while those 
of ('a(''P and Na(d form a rather dark cell membrane with shadowy 
c(‘ll cont(*nts. A similar case to that of Loel/’- ’ ^ may be cited here. 
In his ex})eriments with sea urchin eggs he found two distinct phas(*s 
of cytolysis which In* terms “black cytolysis’' and “white cytolysis. ” 

With regard to tin* eff(*(*t of the salts on the size of the yeast cells, 
Nad is tin* most and Kd the least toxic, while (^aPP and MgPh 
stand midway. The (*ffeet is j>arallel with that of the multiplication 
of cells. 

An ex[)<*rinn*nt was carried on with a second culture of dbp^ 
saiddis collected from anotlier source by Pruess and named no. 60. 
This experiment was also made in duplicate. With this yeast potas- 
sium chloride and magnesium chloride gave the sann* results as with 
no. 66, but Nad and Pad,, showed a marked difference and Pad, was 
the most toxic of all. 4M NaPl gave an appreciable number of yeast 
c(dls, whih* even Ml PaPL stopped the giwNdh altogether. Further, 
the number of yeast cells was much lower than that of yeast no. 66. 
Evidently yeast no. 60 was less vigorous than the other, though other- 
wise there was no fundamental difference between them. 
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B. Experiments With Combinations of Salts — Antagonistic 

Effects 

The toxic effects of the single salts KCl, MgCl., CaCL and NaCI 
upon a wine yeast, cllipsoideiis, have been shown in the first part 
of this paper. The results of the study indicate that the reactions 
of yeast differ from those of plants, animals or bacteria. This second 
part of the paper gives the results of an investigation to ascertain the 
effects of various binary combinations of the salts named upon the 
same yeast. 

From the four salts, six combinations of two salts each are possible. 
All of these were t<\sted. Judging from analogous work of other 
investigators with animals, plants and bacteria, it was expected that 
these salts would exhibit mutually antagonistic action, i.e., that tlie 
toxicity of one salt would be reduced by the pnwnce of another and 
that the total effect of two salts together would be less than the sum 
of their individual effects. In some cases definite antagonistic effects 
were found. In others antagonism was not so well defined. In a 
f(*w instances there was no antagonism shown. 

In the discussion of results, considerable si)a(*e has been given to 
the findings of other investigators becaus(‘ it was consid(‘red important 
to point out how tlu^ effects on otlier organisms compare with those 
on yeast. A few words on the development of the idea of antagonism 
in binary combinations of salts will be of value as an intrcMluction to 
the data in this jiaper. 

Considerable work on the antagonistic effects of salts has bemi 
done by Ringer, Locke, Howell, Lmd), Osterhout, Overton, Ostwald, 
Loew, Lipman and others. That the j)oisonous effe(*t of one salt is 
reduc(Hl by the addition of another salt has been known for a long 
time, especially among animal i)hysiologists. In this matter we owe 
a great deal of our knowledge to Lo<‘b, whose investigations brought 
forth a large numbi^r of unexpected n^sults. It was he who first 
develo})(‘il the theory that the valences of metallic ions have consid- 
erable influence on their toxic and antagonistic effects, and that mono- 
vah*nt cations may be antagonized by bivalent, trivalmit or tetravaleut 
but not by monovalent cations. Ilis results show some parallelism 
to the work of Limhu* ami Piet on.** This gen(*ral statement does not 
api)ly in all cases to plants, animals and bacteria, exjierimented upon 
by various other investigators. Neither does it apply always to yeast. 

* Hober and Gordon, Beitr. zur <diem. phvsiol., vol. 5, p. 432, 3904, cited by 
Osterhout.^ 
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The experiments with binary salts were made in the same general 
way as those with simple salts, but with slight modifications of tech- 
nique. The flasks were arranged as before in duplicate, but in com- 
bining the salts in difl'erent molecular concentrations the method 
followed differed from those of previous investigators. 

Of the two salts to be tested for antagonism, one was weighed from 
the minimum concentration to that of extreme toxicity according to 
the molecular concentration, and the other was weighed and added 
to the former in the reverse way in tlu* corresponding flasks. The 
flasks containing the (‘xtrerne concentration of each salt did not receive 
any addition of the oth(*r salt. Aside from this, the methods of in- 
oculation, incubation, and microscopical counting Mere the same as 
those described for the single salts. Duplicates were made in all cases 
and two blanks \ver(‘ used in each series, as checks on tht* growth of 
the yeast in the treated flasks. The same yeast, N. dlipsoiddis, no. 66, 
M’as employed in these experiments as in tin* orn^s with simple salts. 
The results given are therefore the average of du])licate experi- 
ments. 


SKRTP^S VI— ANTAGONISM BETWEEN M\(5NESirM i^ITLORIDE AND 

(WLIMUM (IILORIDE 

III this s(‘ries MgCl_. and CaCL were combined in various mole- 
cular concentrations. A seri(*s of 16 Erlenmyer flasks was arranged 
in duiilicate with tw’o blank cultures. First, amounts of MgC^h cor- 
responding to from OM to 2.2Ar were vvtdghed and put in the flasks, 
as was done with tlu‘ single salts. The ('a(^h also w^as weighed ac- 
cording to its moh'cular concentration and ])ut in the same flasks in 
reverse* order, leaving the extreme concentrations of each salt free 
from the addition of the other. Thus the first two flasks received 
.72M FaFh without any addition of IMgFh; the second received .66M 
CrCU and (K)l Mg(M,; the third 60M and .DIM Mg(%, and so 

on to the last couple, which contained only 1 2M MgCl_, and no addition 
of FaFF. The remaining flasks were combined in different molecular 
concentrations, as showui in table 1. Tw^o blanks were taken to which 
no salt w^as added. 

In order to facilitate the plotting of the curves, the different 
combinations of salts have been indicated by letters A, B, C, 1), etc. 
A r(*presents the blank cultures, while the other hitters represent the 
different moli*cular combinations shown in the table below^: 
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Table 6 — Antagonistic Effect Between MgCls and CaCl^ 

MffCli. V8. 


No. 

A 

B 

CaCb M. Cone. 
.00 X.OO 
.00 X.72 

48 hrs. 

1,954,000 

96 hrg. 

6,290,000 

144 hrs. 
10,556,000 

192 hrs. 
14,108,000 

240 hrs. 

16,944,000 

C 

.001 X .6(5 




226,000 

452,000 

I) 

.01 

X.60 

452,000 

2,034.000 

3,842,000 

4,520,000 

5,650,000 

E 

.1 

X.48 

8,362,000 

20,860,000 

23,120,000 

24,730,000 

26,842,000 

F 

2 

X.36 

10,848,000 

26,024,000 

29,706,000 

30,856,000 

31,960,000 

G 

.4 

X.18 

9,718,000 

28,996,000 

32,284,000 

33,974,000 

36,120,000 

H 

.6 

X .06 

8,804,000 

25,286,000 

30,256,000 

31,865,000 

32,556,000 

I 

.8 

x.Ol 

452,000 

4,972,000 

8,289,000 

10,298,000 

12,684,000 

J 

1,0 

X .001 


226,000 

1,130,000 

2,260,000 

3,129,000 

K 

1.2 

X.OO 








Mg( Ij Cunofutrution i)f Halts (’aOIa 

Fig. 6. — Curves of yeast growth showing antagonisni between MgfUa and 
Carols. The ordinates rejiresent the number of yeast veils in millions and the 
abscissae, the concentration of the salts in combination. The or4linateM at A 
represent the number of yeast cells in blank cultures. 
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From both table 6 and the curves in figure 6 it is evident tliat 
there is a distinct antagonism between these two salts. For example, 
in the experiments with simple salts MgOlo alone at .8M concentration 
allowed the growth of yeast cells up to only 8^/^ millions, but in com- 
bination with .01 M the growth was increased up to millions, 
i.e., 50 per cent increase. Similarly, .6M CaCIo alone allowed an 
increase to about one millions, and, with the addition of .01 MgCL, 
an increase to millions, showing 5^^ times more growth. The 
highest number in MgC'l. alone was millions at .IM, and in (.aC^L 
alone 19 millions at .01 M concentration. In this binary combifiation 
the highest number was obtained at G, th(‘ point where .4:M MgGl^, and 
.18M GaCh were combined with a ratio of about 2:1. 

For ]nirposes of comparison let us now consider the results obtained 
in similar experiments witli these four salts on plants, animals, and 
bacteria. 

(a) Planis . — Kearney ami Gameron'^ found a distinct antagonism 
between !Mg and (‘a ions for higlnn* plants. In their ex])eriments with 
leguminous plants Lupin us alhus and M(flivaf/o safiva they found that, 
for a combination of Hhw two salts, the plants show about fiv(‘ times 
as much tohu’ance as for the salts st^parately. The plants also dis- 
played a remarkable degive of tolerance wh(*n MgSO^ was used in- 
st(‘ad of thus showing in addition the relative difference be- 

tw(M*u different anions of the same salt. 

Lo4‘w and his ])ui)ilsd'’’ in their experiimmts A\ith lower plants 
have found a strong antagonism between Mg and Ga 

ions. 

{b\ Animals, — Loeb- with sea urchins (blastulae and gastrulae) 
found that a mixture of ^IgGl_. (lO Sn) and GaGl, (10 Sn) will allow 
th(*m to swim for about forty-eight hours, while each of the salts 
singly at the same concentration is extremely i)oisonous and kills the 
animals. The sauu* investigator^"’ w’orking wdtli a jtdlyfish {Polijor- 
vhis) has shown that the addition of a small (piantity of to a 

mixture of NaGl and IMgGG favors the iiormaL rhythmi(*al contrac- 
tions, wdiile xMgd^, alone stops them altogether. Gontrary to the 
above r(‘sults, Loeb^- in his experiments wdth frogs has found that a 
combination of Mg and (^a ions completely inhibits the rhythmical 
mus(*ular contractions. This has been corroborated by Aiiiie ^Moore,’ 
in her experiments wdth the contraction of the lymph hearts of 
frogs. 

Lillie*^ has found that the ciliary movement of the larvae of 
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Arenicola goes on normally for a time in a mixture of MgClg and 
CaCla with the ratio of 4:1 at 10/8n concentration, though either of 
the two salts used alone would stop it entirely. Matthews, in his 
work with the development of embryos in the eggs of Fundulus, found 
a distinct antagonism between Mg and Ca. 

Meltzer and Auer‘S have shown with rabbits and a monkey that 
the poisonous action of MgCl_. in subcutaneous injection is similarly 
diminished by the injection of CaCl^. They found also a strong 
antagonism between the nitrates, acetates and sulfates of these two 
salts respectively. 

(e) Bacteria. — Lipnian,"^’ with a soil bacterium, Bacillus siib- 
iilis, found little or no antagonism between the two salts, but, on the 
contrary, the addition of one salt to the other was found to be more 
toxic than either of the two salts used alone. 

All of the above mentioned experiments, except those of the three 
cases of Lipman, Lcx^b, and Anne Moore, are in agreement wdth the 
antagonistic effects between Mg and Ca ions that occur with yeast. 
In addition, it may be noted here that the antagonistic effect between 
MgCIo and (JaCh vith .yeast has been found to be the strongest of all 
the combinations. This corroborates the opinion ailvanced by Loew 
that there is a strong antagonism between cahdum and magnesium 
both with plants and animals.^® 


SERIES VJI— ANTACiOiNISM BETWEEN POTASSIUM C’HLORIDE AND 
CALCIUM CHLORIDE 

In this series the experiments were carried on in the same way as 
with MgCl^, and Ca('L. Table 7 and the curves in figur(‘ 7 show 
there is a distinct antagonism between the two salts. In this case 
marked antagonism was found on the side of but little or none 

on the side of K(ff. For example, the combination of .001 M KCl with 
.66M CaClj allowed the yeast to grow up to 6Vj millions, whih' in 
CaCF at .6 alone th(* yeast was found to increase only uj) to about one 
million. Thus there was 6^2 times as much growth when* the K(ff 
\^as presejit. But, on the other hand, the combination of .001 M CaCl^» 
to 2 0M KCl did not accelerate the growth. This unexpected result 
may be accounted for by the fact that the higher concentrations of 
KCl being very higli in comparison to the small concentrations of 
('aCl^, the latter was not sufficient to reduce the toxicity of the K(yl 
at such a high concentration. It is also v<*ry probable that a concen- 
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tration of 2.0M KCl exerts a strong osmotic effect and that the toxicity 
is due to osmotic influences rather than to the usual toxicity of the 
ion itself. If this were true we would expect little antagonism from 
other salts. 

Loeb’“ in his experiimmts with a jellyfish (Gonionemus) met with 
a similar difficulty. In this ease the KCl concentration was so high 
that a small concentration of NaCl did not remove the toxicity, and 
so the combination inlnbited the contraction of the animal, while the 
same concentrations us(*d in the case of another kind of fish, Pundtiliis, 
allowed the developnnnt of embryos in the eggs. H(* has pointed out 
the fact that in tlie embryos of Fundulus th(‘ solutions in which cleav> 
age proceeds noi’inally interferes seriously with the lieartbeat of Goni- 
otumits, if the proportion of KCl oxc(*eds a certain limit. In this 
instance we find j)roof of the fact that in the same organism cell- 
division and muscular contractility are influenced by entirely different 
combinations of ions, and theivfore these vital activities must depend 
on widely different <dn'mi(*al constitutions. However, the highest 
growth in the case of yeast was obtained at II, where .6M KCl and 
CaClj have bt^ui combined, a ratio of abotit 2:1. In the case of 
K(1 aloiK^ the higliest gnmth was obtained at .2M concentration, 
allowing growth uj) to millions per c.c. Ca('K allowed growth 
uj) to millions at .01 M concentration. 

Tvhii* 7 — \\T\c,()\isTU Kh-k. Hi- 1\\ n-\ K( i vnd ( \( j 
K( 1 \s 


No 

CnCl. M Cone 

IH his 

')<) his 

141 In N 

J hiv 

J4U his 

A 

.00 

X .00 

2,101,000 

8.589,000 

1,1.908,000 

16,896,000 

17,520,000 

U 

01) 

.72 






(' 

.001 

.66 


226,000 

2,054,000 

1,9S5,(M)0 

6,722,000 

1) 

01 

> .60 

452,000 

4,972,000 

15„M5,h00 

18,604,000 

22,720,000 

E 

1 

V 54 

4,020,000 

10, 128,000 

20,245,000 

2 1,266,000 

25,120,000 

F 


^ .4S 

5,558,000 

12,840,000 

22,190,000 

26,880,000 

29. 180,000 

Vr 

.4 

y 42 

054,000 

12,840,000 

26,852,000 

19,126,000 

12,285,000 

11 

.() 

V M 

1,017,000 

8,;;98,ooo 

15,645,000 

28,904,000 

54,500, OoO 

I 

.8 

X :m) 

226,000 

4,256,000 

10.250,000 

14,966,000 

18,752,000 

J 

1.0 

\ .24 


2,965,000 

6,126,000 

9,551,000 

16,159,000 

K 

1.2 

X .18 


1,1.10,000 

5,986,000 

5,410.000 

7,119,000 

L 

1.4 

X.12 


452,000 

2,5,50,000 

2.712,000 

4,158,000 

M 

1.6 

X .06 



904,000 

1,150,000 

5,906,000 

N 

1.8 

x.Ol 



4.52,000 

904,000 

2,652,000 

0 

2.0 

X .001 




226,000 

1,150,000 

V 

2.0 

x.OO 
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Fig. 7. — Curves of yeast growth showing antagonism botw’een KCI ami 
The ordinates represent the number of yeast eells in millions and the abseissae, 
the concentration of salts in combination. The onlinate at A re]>resents the 
number of yeast cells in blank cultures. 

For comparison with these results, a number of eases dealing with 
plants, animals and bacteria may be cited below: 

(a) Plants. — Osterliout- lias shown that for higher plants a com- 
bination of 100 c.c. K(yl and 5 e.c. Caf'ljj at the concentration of .12M 
is best suited for the highest development of roots. Jlenecke’® has 
shown that for low(*r plants {Slpirogijra) the harmful effect of the K 
ion is very distinctly antagonized by the addition of the Ca ion at a 
certain definite concentration. 
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(6) Animals . — In regard to the development of embryos in the 
eggs of Fundnhis, Loeb^ has met with a marked antagonism between 
the two salts, using 75 c.c. of KCl (5/8n) and 25 c.c. of CaCL (10/8n). 
This combination allowed the development of a number of embryos, 
while in the same concentration of K(^l alone no development was 
shown. He also obtained a similar result with the muscular contrac- 
tion of a jellyfish (Pobjorcliis) thus showing an antagonistic eifect 
between the two salts. Th(' same investigator'* in his experiments with 
the hydromedusa (ionioncmns has shown that the combination of K 
ion (5/8ii) and Ca ion (]0/8n) is ])oisonous to the animals. Anne 
Moore" obtained a similar result in her experiments on the contraction 
of th(* lymi)h heart of frogs. 

Meltz(*r and Au(‘r-* have shown that with rabbits and a monkey 
in subcutaneous injection there is a limited antagonism between the 
two salts. Matthews*' with Fundulus met with a similar result. He 
found that at th(‘ dilution of M/1600 CaCL to 6 8n KCl the develop- 
ment of embryos in the eggs was found to be the best. 

Lillie" found that with the larvae of Ar(nivola the ciliary activity 
went on when he used 97.5 c.e. CaCl , (10 Hn'* and 2.5 c.c. KCl (5 8n), 
showing an antagonism b(dw(‘en the two salts. 

ic) Uadi via. — Lijunan-* has shown that for Bacillus subtilis the 
]ngh(*st ])roduction of ammonia is found at the point where 100 c.c. 
KCl and 5 c.c. at the con<*eiitration of .I15M is used, thus showing 

a distinct antagonism between the two salts. His work has a striking 
similarity to that of Osterhout on wheat. 

Summarizing tin* antagonism between K and Ca, it may be said 
that th(* toxicity of higli concentrations of Ca is greatly reduced by 
the prestUKM^ of K, hut that the toxicity of high concentrations of K 
is not appreciably r(‘duc(*d by small amounts of C^a. The o])timum 
ratio of KCl to Cat'L was about 2:1 for yeast. 


SKRIRS VIII- AXTAdONlSM BKTWKKX MAGXKSirAI (UTLOHIDE AND 

sodium ( DLORIDE 

Th(‘ exjx^rimeiits in this serit‘s were carried on in tlie same way as 
the otliers. Hoth table 8 and tlie curves in figure 8 show tliat there 
is a distinct antagonism between these two salts. The highest growth 
in this case was found at G, the point where .4M MgCL, and .06M 
Nad ^\ere combined, a ratio of about 6:1. As already shown, when 
used singly Mgd., allows the liighest growth at .IM, i.e., 261/0 millions, 
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Table 8— Antagonistic Effects Between MgCl. and NaCl 


No. 

MffCl;; V«. 
NaCl M Cone 

4S hrs. 

96 hrs. 

144 hrs. 

192 hrs. 

240 hrs. 

A 

,00 

X.OO 

3,100,000 

7,644,000 

13,686,000 

15,203,000 

17,009,000 

B 

.00 

X .208 






C 

,001 X. 180 







226,000 

226,000 

I) 

.01 

X.160 

226,000 

452,000 

452,000 

678,000 

1,130,000 

E 

.1 

X.128 

3,250,000 

6,212,000 

11,201,000 

14,258,000 

17,255,000 

F 

2 

X .096 

5,424,000 

10,396,000 

16,368,000 

21,690,000 

25,793,000 

G 

.4 

X .064 

2,260,000 

12,656,000 

20,696,000 

25,882,000 

28,890,000 

II 

.6 

X .o;i 2 

1,582,000 

8,684,000 

14,956,000 

17,009,000 

21,583,000 

I 

.8 

x.Ol 

904,000 

3,102,000 

6,358,000 

10,605,000 

15,430,000 

J 

1,0 

x.OOl 

. .. . 

901,000 

1,872,000 

3,896,000 

4,276,000 

K 

1.2 

X.OO 


.... 

. 





Fig. 8. — Curves of yeast growth showing antagonism between MgOI.. an<l 
MaCl. The onlinates represent the number of yeast cells in millions aiifi the 
abscissae, the concentration of salts in combination. The ordinate at A repre- 
sents the number of yeast cells in blank cultures. 
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and NaCl at .001 M, i.e., 18 millions. But in combination the two salts 
permit the highest growth of 29 millions per e.c. at .4M and .06M 
respectively. 

The antagonism between these two salts in the case of yeast is 
found very distinctly at both ends of the curves. For example, .IM 
NaCl alone shows a growth of scarcely more than one million, while 
in combination with .IM Mgd^ it shows over 17 millions, or 17 times 
as much. On the other hand, .8M MgCl,. alone allowed a growth 
of about Hi/o millions, while in combination with .01 M NaCl the 
growth was increased to about 15 1/2 millions, or about twice as 
much. 

In comparison with these results, a number of cases d<»aling with 
the effects of combinations of MgCl.> and NaCl on plants, animals and 
bacteria are cited below. 

(a) Plants, — Osterhout'' found a distinct antagonism between the 
two salts with the growth of a fungus (Botnjtis cituna). He found 
that ir>.M NaCl alone was very toxic, but that when this concentration 
of NaCl was combined with .4 M MgCl^ the toxicity was much re- 
duc(Hl. He also found with wheat that neither NaCl nor MgCl^, at 
.12M alone allowed root development, but in a combination in the 
j)roportion of 100 c.c. NaCl to 75 c.c. Mg('lj the root developed very 
'Well, The same investigator obtained a negative result wdth grcnm 
algae.-*^ 

Kearney and CameroiC with Lupinns albus and Midicago sativa 
have shown that the addition of MgCC to NaCl raised the tolerance 
of these plants to the latter 8-10 times. 

(h) Animals. — Ijoeh'- wdtli Fundidiis has found that in a mixture 
of 98 c.c. 5 811 NaCl and 2 c.c. 10 811 MgCC all the eggs develop 
embryos, while the same salts alone at the same eonctmtration are 
extremely toxic. Even an equal proportion of the two salts in the 
same concentration allowM*d about 75 per cent of the embryos to de- 
V(‘lop. He also found a similar antagonism witli a sea urchin (Ar- 
haciu) and a jellyfish {Polyorvhis) . 

Lillie"' found that wdth the larvae of Annicola the ciliary move- 
ment continued for a time wdieii he added 10 c.c. MgCl. (10 '8n) to 
90 c.c. NaCl (5 811), while the saim' concentrations of NaCl alone 
would atop it immediately. Matthews wdth Fundnlns found an an- 
tagonism betwetm the tw'o salts. 

Ostw'ald,^® however, wdth fresh-water Grammarus obtained con- 
trary results. In this case a combination of the tw^o salts w^as found 
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to be more toxic than NaCl alone, isotonic with sea water (2.7 per 
cent NaCl in sea water or about .4M NaCl). 

(c) Bacteria, — Lipmair^ with Bacillus subtilis obtained a result 
similar to that of Osterhout. A mixture of the same concentration 
of MgCL and NaCl (.35M) in the ratios of 10:1 gave the maximum 
production of ammonia. 

To summarize the n^sults of tliese experiments, it may be said 
that there is a distinct antagonism between Mg(!l 2 and NaCH, which 
is evident on both ends of the curves in figure 8. In this case the 
yeast agrees with the observations on plants, animals and bacteria 
except in the two instances cited above in regard to fresh-water 
Grammarus and green algae. 


SKRTES IX— A^’TAOONISM BETWEEN POTASSIEM C’HLORIDE AND 
SODIUM (TILORIDE 

Tn this series the flasks were arranged as befor(». It has becm 
pointed out by Loeb that two salts with ions of like val(‘iice, especially 
in the case of monovalent ions, do not antagonize the toxicity of <*acli 
other, but rather show a moderately increased toxicity when com- 
bined. This is evident with y<*ast, as is shown by table 9 and the 
curves in figure 9. The hig]i(‘st growth in this cas(* was found at F, 
uhere .2IVI KCl and .12M NaCl have been combined, having a ratio 
of about 2:1. KCl alone at ,2M (*oncentration allows the growth 
about lyo times that found in this combination. Thus Ihe antag- 
onism of NaCl for KCl is found to be m'gative. But, on tlie other 
hand, there is a distinct antagonism of K(1 for NaCl. For example, 
NaCl alone at ,17M concentration hardly allowed any growth, but in 
combination with .OIM K(d the growth was a<*celerated up to al)Out 
15 millions, thus showing a distinct antagonism. Tlu‘ n^ason of tliis 
unexpected negative* result on the side of KCl is ])erhaps the* same 
that 1 have sugge*ste*d in the case of KCl anel CaCl^ in Serie*s II. 

For comparison with the»se results, a number of case*s de*aling with 
plants, animals and baede*ria are citeel bedow: 

(a) Plauts. — OsterhouC- with wheat (Early Genesee) has found 
a slight antagonism betw(*en K and Na ions. But in his work^^ on 
a green alga he obtaineel a negative result using 3/8M concentration 
of two salts in combination. 

(h) Animals. — Lexd)' with Fundulus found a slight antagonism 
between the K and the Na ion in redation to the development of em- 
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Table 9— Antagonistic Effects Between K(’l and .VaCl 


No 

KOI Vi 

NaCl M Ooiic 

48 hiH 

96 his 

144 hrs 

192 hrs 

240 hrs 

A 

.00 

x.OO 

1,954,000 

0,290,000 

10, .556, 000 

14,108,000 

10,944,000 

0 

.00 y.20S 

.001 X .192 


220,000 

1,808,000 

6,780,000 

7,888,000 

I) 

.01 

X.176 

2,078,000 

7,184,000 

9,250,000 

12.170,000 

14,9.52,000 

E 

.1 

X .1(10 

5,424,000 

10,786,000 

14,690,000 

16,922,000 

18,566,000 

F 

O 

y 144 

2,9:18,000 

12,.1.19,000 

15,942,000 

18,200,000 

21,2.50,000 

G 

A 

X.128 

2,200,000 

7,8.18,000 

11, .526,000 

15,8.10,000 

17,248,000 

H 

.0 

/ .112 

678,000 

0,780,000 

8,078,000 

12,687,000 

1 1,206,000 

J 

.8 

X 09G 

220,000 

5,0.10,000 

7,205,000 

10,2.56,000 

12,984,000 

J 

1 0 

^ OSO 


4,1.16,000 

5,882,000 

8,120,000 

9,886,000 

K 

1.2 

> .004 


2,906,000 

4,900,000 

7,7.50,000 

8,205,000 

I. 

1 4 

> .04S 


1 , 1 : 10,000 

.5,:i90,000 

4,908,000 

6,98.1,000 


1.(1 

/ (M2 


452,000 

1,1 10,000 

2,200,000 

4,4.52,000 

N 

O 

V 

1 8 

2 0 

o o 

X 010 

X 0(11 

(HI 



220,000 

1,1.10,000 

452,000 

2,900,000 

904,000 



Fig. 9.— <'ur\es of .yeast giowth shoTMiig antagoiiisni between KCl and 
Nnel. The ordinates represent the number of ^east cells in millions and the 
abscissae, the ooneentration of salts in eoiiibination. The ordinate at A rejire 
sents the number of cells in blank cultuies. 
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bryos in the eggs. He also found a similar result with sea-urchins, 
Hydromedusa gonionemus, and a jellyfish, Polyorchis, 

Lillie** found that with the larvae of Arcnicola the ciliary move- 
ment goes on in a solution containing 20 parts of NaCl (5/8n) and 
8 parts of KCl (5/8n), while each salt used alone stops the movement 
altogether. 

Ostwald^" with fresh-water Gammarus has shown that there is a 
distinct antagonism between K and Na ions in regard to the duration 
of life of that animal. Matthews*^ has found that it takes twice as 
much KCl to neutralize the toxicity of NaCl in the case of the devel- 
opment of embryos in the eggs of Fundulus, This is rather similar 
to the case of yeast, where it takes .2M K(U to neutralize the toxicity 
of .14M NaCl to allow the highest growth. 

(c) Bachria, — Lipman-'* with Bacillus suhtilis has found that none 
of the combinations of these two salts gives as favorable conditions 
for growth as is found with each salt alone at the same concentration, 
thus showing non-antagonism between the two salts. 

To summarize the results in this experiment* it may* be said that 
with yeast, like valences i)rev(mt the antagonistic effects, contrary to 
what was found by Lipman with soil bacteria, but in accordance with 
the results of Osterhout with wheat, Loeb with Fundulus, and other 
investigators with other organisms. The yeast agrees in this case with 
all the above-mentioned cas(*s except with that of green algae tested 
by Osterhout and that of Bacillus siibfilis by Lipman. 


8EFUES X— AXTAGONJRM BETWEEN POTASSIUM C’llLOKIDE AND 
MAGNESIUM (TILORJDE 

The experiments in this series were conducted like the others. The 
highest growth in this case was found at 11, the point where .6M KCl 
and .r)M MgCl^ were combined in a ratio of about 1 :1. In the case of 
simple salts KCH alone at .2M concentration allowed the highest growth 
up to about 301/^ millions and MgCL at .IM about 26% millions. KCl 
alone at .fJM and MgClg at .5M permitted the growth of yeast more 
than IS found in this combination at H. But this indicates a mild 
antagonism, because the toxic effect was less than the sum of the 
separate toxic effects of the two salts used alone. Distinct antag- 
onism to the effects of MgCl^ is shown by KCl, but not the converse. 
For example, .8M MgCl^ alone allows the yeast to grow only to 
8 millions, while in the combination with .IM KCl the growth has 
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been increased to millions. On the other liand, the smaller con- 
centrations of MgCL with higher concentrations of K(;l did not show 
any antagonism. The reason for this unexpected result is perhaps 
that previously mentioned in the case of KOI vs. (^a01,> in Scuies VIT. 


Table 10 — An rvcrOMs'iic Kki-ecis BFT^^EE\ KCl and xMg(’l 


KOI vs 


No 


M Cone 

4H hfK 

OLlns 

144 hrs 

192 hrs 

240 hrs 

A 

.00 

X .00 

2,356,000 

9,701,000 

12,170,000 

14,890,000 

17, .526, 000 

B 

.00 

X 1,2 







.001 X 1.0 


226,000 

1,1.30,000 

2,200,000 

3,845,000 

I> 

.01 

V .9 

226,000 

1,356,000 

0,780,000 

10,070,000 

11, .560, 000 

K 

.1 

/ .s 

1,130,000 

6,780,000 

7,408,000 

10,975,000 

12,180,000 

F 

o 

> .7 

1,3.56,000 

7,458,0tM) 

11,578,000 

13,449,000 

14,328,000 

G 

..4 

X .0 

2,4S6,000 

4,838,000 

7,006,000 

14,690,000 

15,500,000 

H 

.0 

y 5 

904,000 

.1,816,000 

5,296,000 

12.850,000 

16,280,000 

1 

.S 

y .4 

67S,000 

2,612,000 

4,8.52.000 

8.286,000 

9,^.56,000 

,1 

1 0 

y .3 

452,000 

2,260,000 

.i.706.000 

5,463,000 

.5,902,000 

K 

1/J 

K .2 

452,000 

2,040,000 

3,295,000 

*1.895,000 

5.240,000 

L 

1 4 

* 1 

67S,000 

1,926,000 

2.940,000 

3,656,000 

4,864,000 

M 

1.0 

.05 

226,000 

904,000 

3,050,000 

3.006,000 

4,628,000 

N 

l.s 

* .01 


226.000 

2,260,000 

2,990,000 

1,862,000 

0 

2.0 

X .001 




2,226,000 

1,1.30,000 

F 


s 00 








Ot»iu« minTion of salts MjrCl 


10.— Curves of .veast growth showing autagoiiisiu l)etweeii K Cl and 
MirCl The ordinates represent the miniber of yeast eells m millions and the 
^scissae, the eoncentration of salts in rondiiuation. The ordinate at A repre 
seiitH the number of cells in blank cultures. 
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For comparison with these results, a few cases may be cited as 
follows : 

{a) Plants. — Osterhoiit-® with wheat (Early Genesee) has shown 
that the root develops better in a solution having 100 c.c. KOI and 
7.5 c.c. MgClo at ,12M concentration than in KCl alone. He also 
found with a marine alga,-^' Entcromorpha hopkirkii, that both salts 
are poisonous when used alone, but a combination in the proportion 
of 100 c.c. MgClj and 40 e.c. KCl allows considerable growth, lie 
found a similar antagonism with liverworts.-^’ 

(b) Animals. — Matthews" found with Pundulus that in order to 
permit development of the embryos in the eggs at the concentration 
of 33/48n Kt'l at least about M '160 Mg(’L is needed. He also found 
that a solution of 6/8n KCl requires lM/80 MgCl, to give the best 
result. 

(r) Bacteria. — Lillie*’ has shown that a combination of 10 '8n 
MgCL and 5/8n KCl allows the ciliary activity of th(‘ larvae of 
Arcnicohu which is stopped when one salt is used alone. 

To summarize, it may be sai<l that a distinct antagonism was found 
by Osterhout with higher and lower plants and by Matthews and 
Lillie with animals. With yeast a slight antagonism is found, which 
is shown on the curves in figure* 10 on the side of MgCl_,. 


8KR1ES Xr~AXTAG()\ISM BETWEEN (ALCITM (’HLOHIDE AND 
SODIUM CHLORIDE 

The plan of this series of exf)eriinents was the same of that of the 
others. In the ease of simple salts both CaCl^, and NaCl W(*re found 
to be very toxic, and it may be owing to this extreme* toxicity that 
tin* combinations of the two salts showed increaseel toxicity. Both 
from table 11 and the curves in figure 11 it is evident that this toxicity 
is very marked. The highest growth was found at E, where .IM CaCl.,. 
and .12M NaCl have been combined in the ratio of 1:1. fhit even 
h<*re the number of yeast cells went up only to 8 millions, which is 
far below the highest growth obtained when the salts were used alonf*. 
However, CaCL shows slight antagonism to the toxicity of Na(.*l, for 
example, .IM Nad, alone allows the growth only to one million, 
while in combination with .IM CaCl it reached more than 8 millions. 
On the whole, however, both from the table and the curves it is evident 
that the combinations of the tw^o salts are more toxic than the single 
salts. 
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Table 11 — Antagonistic Effects Between CaCl2 and NaCl 
CaClo VB. 


No. 

NaCl 

M. Cone 

48 hrs. 

96 hrs. 

A 

.00 

X.OO 

2,356,000 

9,:!8 1,000 

B 

.00 

X.208 


C 

.001 X .18 

226,000 

226,000 

1) 

.01 

X .16 

226,000 

1,582,000 

E 

.1 

X.12 

226,000 

1,808,000 

F 

o 

X.09 


1,356,000 

G 

.:i 

X .06 



226,000 

H 

.4 

X .0.'? 



1 

.5 

x.Ol 



J 

.6 

X .001 



K 

.7 

X.OO 




144 hrs. 

192 hrs. 

240 hrs. 

12,172,000 

14,890,000 

17,108,000 

226,000 

904,000 

1,130,000 

3,;i90,000 

4,682,000 

5,842,000 

5,650,000 

7,910,000 

8,290,000 

3,482,000 

4,520,000 

7,042,000 

1,130,000 

5,650,000 

6,820,000 

226,000 

3,390,000 

4,526,000 



4.52.000 



Fijr. Jl. — (^irvos of yoast jjrowth showing oflToi'ts of XaOl on Can... The 
ordinates represent the nuniher of yeast eells in millions and the abscissae, the 
(*on<*ent ration of salts in combination. The ordinate at A represents the 
iiumlier of yeast cells in blank cultures. 


For eoniparivson with other org^aiiisnis iho following (*a5;(\s are cited: 
(a) Plants. — Osterhout'* with wheat found a distinct antagonism 
l)etwe(‘n the two stilts. He obtained a similai* result with green algae 
in wliich lie used 100 c.c. NaCd and 10 c.c. CalH^ concentration 

of 3/BM. Kearney and Fameron,'' with leguminous plants, found that 
a combination of the two salts increased the tolerance of the plants for 
CaCIo three times. 
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(6) Animals. — Loeb’ with Hydromedusa G onion emus has shown 
that a combination of 10/8n CaClg and 5/8n NaCl is harmless to 
animals. also found a distinct antagonism with a jellyfish, 

Polyorchis, using 50 c.c. NaCl and 1 e.c. CaCL, which allowed the 
animal to swim, while NaCl alone was poisonous. The same investi- 
gator found a distinct antagonism between these two salts working 
wdth the development of embryos in the eggs of the Fundulus. Anne 
JMoore" with the contraction of the lymph heart of frogs and Lingle^ 
with that of the tiirtle's heart noted similar phenomena, thus corrob- 
orating the work of Loeb. 

Lillie” w’orking wdth the larvae of ArinicoJa has found a distinct 
antagonism belw^een Ca and Na ions. MacCallum^^ found the same 
w’itli his experiments on cathartics. 

Meltzer and Auer-’ found a distinctly antagonistic effect wdth 
anhiials in subcutaneous injections. Ostwald’* wth fresh-water Gram- 
marus found a strong antagonism betwci^n NaCl and ('aCl> in regard 
to the duration of life of that animal. Finally, Matthews” has show^n 
that there is a slight antagonism betweem tlie two salts in the chw’tdoj)- 
ment of embryos in the eggs of Fundulus. 

(r) Bacteria. — Lipnian-"* wdth Bacillus subtilis found a marked 
lack of antagonism betw’een the tw’o salts. In his case any combi- 
nation of the two salts at .35M concentration was found to be more 
poisonous than a single salt. 

All th(*se (‘xp(‘rimeiits except that of Lii)man show that there is 
antagonism between (^iCl_, and NaCl. The yeast agrees very mark- 
edly wdth Bacillus suhlilis in showing little or no antagonism betw^een 
the tw’^o salts, CaCla and NaCl^. 
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Relative Antagonisms op Various (combinations 

Tal>]e 12 is intended to show the relative antagonisms of the 
various combinations. The data used in constructing the table are 
the final counts in each flask. 

The average of the counts in all the check flasks is taken as the 
basis from which to estimate the influence of the various salts and of 
their combinations. The calculation is made as follows: 

YeaHt ^rowtlj m ohet'k flasks=17 (nnllioiis). 

Yeaat growth with single salt no. 1 =«. 

Yeast growth with single salt no. 2 = h. 

Yeast growth with (‘ombiiiation no. 1 -f 2 = e. 

Toxicity — oxpocte<l = (17 — a) + (17 — h). 

Toxicity — observed = 17 — c. 

Antagonism of combinations* = (17 — a) + (17 — h) — (17 — c). 

Antagonism = 17 « — h. 


Tablf 12— Range of Antagonism of the Binary C’ombinations Calculated 
From thf Last Microscopical Count* 


Vo 

MffCij s ran. 

KOI ^ CaOl. 

MgCb NaCl 

KOI / VaOl 

KCl X MgrCb 

CaCb X NaCl 

At 

B 

C 

17, (>00,000 

1 7,000,000 

17,000,000 

17,000,000 

17,000,000 

17,000,000 


4,000,000 


5,000,000 

1,000,000 


I) 

4,000 000 

17,000,000 


8,000,000 

10,000,000 

4,000,000 

E 

27,000,000 

17,000,000 

8,000,000 

9.000,000 

9,000,000 

7,000,000 

F 

24,000,000 

18,000,000 

2.),000,000 

8,000,000 

7,000,000 

7,000,000 

(J 

20,000,000 

:u),ooo,ooo 

27,000,000 

7,000,000 

1 0.000,000 

(>,000,000 

11 

21.000,000 

;n ,000,000 

14,000,000 

7,000,000 

9,000,000 


I 

7,000,000 

8,000,000 

11,000,000 

10,000.000 



J 

1 ,000,000 

1,000,000 

2,000,000 

10,000,000 



K 

L 

M 




1,000,000 




f Millions on iiM niK< 

* Thtso losultH nro shown jriaphnnlh L> tho cuivos in fisruio 12 

♦This defines * aiitagonisiiC as the difference between the expected and the 
observed toxicity. 


Tile curves hiiv(> been drawn to show the antagonism of the com- 
binations and not tlic actual growth of the yeast as has been shown 
in the pr(‘vious curves. 
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('ombinatioiih of Salts 


Fig. 12. — C^irves showing range of antagonism of binary combinations of 
salts. The ordinates represent the average number of yeast cells in millions 
and the abscissae, the concentration of salts in combinations. The ortlinate at 
A rejiresents the average niimlier of cells in blank cultures. 
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Summary 

PART A--T0X1C EFFECTS OP SINGLE SALTS 

1. Each of the four single salts— KCl, CaCl,, and NaCl— 

is more or less toxic to th(* yeast, Saccharomjjccs ellipsoid ( us, at certain 
concentration. K(^l is 1h<" least toxic and NaCl the most for the yeast 
(no. 66) us<*d. 

2. The low(T eonecuitrations of each salt stimulate* the pjrowth of 
yeast. The highest number of y(*ast cedis in microscopical count was 
found at .2M KCl, .IM ^lgC\„ .OIM C^iCC, and .OOIM NaCd, KCl 
being the most favorable* and Na('l tin* least. Beyond the favorable 
concentrations the various salts are toxic to yeast. 

3. The concentrations of salts that iuhibit(Ml tin* growth of yeast 
cells were found at 2.2:M KC\, 1.2M MgCd.. .7M (^hC 1„ and .2M NaCl. 

4. The r(*sults of the exp(*rimcnts are (piite ditfenmt from those 
found with (*itln‘r ]>act(*ria, the higher plants or animals. The yeast 
stands in this r(»s])ect midway between plants and animals and swings 
to either (tir(*ction aecoi'ding to the environment. 

5. The salts used had a marked effect on the size and appearance 
of tlie y(*ast. Taking decrease in size as a criterion, the salts affected 
the yf*ast toxically in the same relative ways as indicated by the rate 
of multipli(‘ation of the cells. 


PART B— ANTAOONMSTU^ EFFE(TS OF ( X)MBl VATTONR OP SALT8 

1. As shown by growth of yeast, the variation in antagonism be- 
twt*t*n the four singb* salts in all possible combinations may be ar- 
ranged in ordr‘r as follows: 

1 MgCL^ s (^aCl. 

2. KCl vs. CaCl. 

r>. MgCl.vs.NaCl 

4. KOI vs. NaCl 

5. KCl vs. MgCl. 

6. CaCl. vs.Nad (least) 

2. Tht* eff(‘ct of binary salts with y(*ast, whether positively or nega- 
tively antagonistic in comparison to animals, plants and soil bacteria, 
may be tabulated as follows: 
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Binary salts 

"Yeast 

Animals 

Plants 

Soil bacteria 

1. MgClj vs. CaOlj 


-|- and “ 

-f 

— 

2. KCl vs. CaCl, 

-f and - 

-h and — 

+ 

+ 

3. MgCl,v8. NaCl 

+ 

-f- and — 

“h and — 

-f 

4. KCl vs. NaCl 

+ and - 

+ 

-f- and — 

+ and- 

5. KCl vs. MgCb 

+ and- 


+ 


6. CaCl.vs.NaCl 

+ and — 


+ 

— 


4- ~ strong antHgomsm. + -r- mild antagonism. — _ strong increase of toxicity — ~ alight 
increase of toxicity. 

3. In rogard to the effects of valences of ions the following results 
have been obtained with yeast : 

{a) That divalent ions may antagonize monovalent ions is evident from the 
combinations of MgCb vs. NaC’l and CaOb vs. NaOl. Ngative results were ob- 
tained from the combinations of KCl vs. and K(1 vs. MgCb. 

(b) That a divalent ion may be antagonized by a divalent ion is evident 
from the combination of Mg(’b vs. CaCh. 

(c) That monovalent ions may antagonize di\alent ions is shown in the 
combinations of KOI vs. (/aOL.; MgOl. vs. NaOl and KCH vs. MgOL. 

(d) That a monovalent ion may antagonize a monovalent ion, though not 
very markedly, has been found in the combination of vs. NaOl. 
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CHANGES IN THE CHEMICAL COMPOSITION 
OF GRAPES DURING RIPENING 


BY 

V. T. BIOLETTI, W. V. CBUE8S, and H. BAVI 


The investigations reported in this paper were undertaken to 
determine the changes in chemical composition of vinifera varieties 
of grapes in California during the growing and ripening stages. A 
survey of the literature indicated that, although the subject had been 
quite fully investigated in Europe with vinifera varieties and in 
America with the native varieties, very little had been published upon 
the ripening of vinifera varieties under California Conditions. A 
great many analyses of different varieties of grapes have been made 
by chemists of the University of California Experiment Station, nota- 
bly by G. E. Colby, and are reported in the publications of this station.^ 
A paper by G. E. Colby^ gives data upon the nitrogen content of a 
number of varieties of ripe vinifera grapes. Most of the analyses, 
however, do not show the changes in composition during ripening. 

Of the more recent European investigations^ some deal with the 
changes in general composition, others are confined to a discussion of a 
single component, such as sugar, or coloring matter, or acid principles. 

The changes in composition of American varieties of grapes during 
ripening have been studied quite thoroughly by W. B. Alwood* and 
his associates. These investigations gave particular attention to the 

1 Hilgard, E. W., The composition and classification of grapes, musts, and 
wines. Bept. of Vitieultural Work, Univ. Calif. Exper. Sta. Bep., 1887-93, pp. 
3-360. 

2 Colby, G, E., On the quantities of nitrogenous matters contained in Cali- 
fornia musts and wines. Jhid., pp. 422-446. 

sKelhofer, W., The grape in the various stages of maturity; trans. by E. 
Zardetti. Gior. Vin. Ital., vol. 34 (1908), no. 30, pp. 475-477. 

Barberon, G,, and Changeant, F., Investigations on the development and 
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increase in sugar content and changes in acidity during the period 
in which the grapes were under observation. Alwood and other mem- 
bers of the Bureau of Chemistry, United States Department of Agri- 
culture, have also published a number of reports* on the general 
composition of American varieties of grapes as affected by season, 
locality, etc. 

The most notable changes taking place during ripening were found 
by the European and American investigators mentioned above to be ; 
(1) increase in total sugar ; (2) decrease in ratio of ghicose to fructose ; 
(3) decrease in total acid; (4) increase in ratio of cream of tartar to 
total acid due to decrease in total acid ; (5) decrease in tannin ; and (6) 
increase in coloring matter. The cream of tartar and protein change 
very little in percentage during ripening, although, according to the 

composition of varieties of grapes in Abraon-Durso. Ann. Soc. Agr Sei. et Incl., 
Lyon (8), vol. 1 (190.S), pp. 97-159. 

Laborde, J., The transformation of the coloring matter of grapes during 
ripening. C. E. Acad. Sci, (1908), vol. 17, pp. 753-755. 

Martinand, V., On the occurrence of sucrose and saccharose in different parts 
of the grape. C. E. Acad, Sci. (1907), vol. 24, pp. 1376-79. 

Eoos, L., and Hughes, E., The sugar of the grape during ripening. Ann. 
Falsif. (1910), vol. Ill, p. 395. 

Bouffard, A., Observations in regard to the proportion of sugar during ripen- 
ing. Ann. Falsif. n910), vol. Ill, pp. 394-5. 

Zeissig, Investigations on the process of ripening on one year-old grape wood. 
Ber. k. Lehranst. Wien, Obst-u. Garten-bau (1902), pp. 59-64. 

Koressi, F., Biological investigations of the ripening of the wood of the 
grape. Eev. Gen. Bot., vol. 13 (1901), no. 149, pp. 193-211; no. 150, pp. 251-264; 
no. 151, pp. 307-325. 

Brunet, E., Analysis and composition of the grape during ripening. Eev. 
de Viticulture, vol. 37, pp. 15-20. 

Garina, C., Variations in the principal acids of grape juice during the process 
of maturing. Oanina. Ann. E. acad. d'agricultura di Torino, vol. 57 (1914), 
p. 233. Cf. Ann. Chim. applicata, vol. 5 (1914), pp. 65-6. See also Ann. r. acad. 
(ragr. di Torino, vol. 57, pp. 233-90. 

Baragolia, W. I., and Godet, C., Analytical chemical investigations on the 
ripening of grapes and the formation of wine from thorn. Landw. Jahrb., vol. 
47 (1914), pp. 249-302. 

Eivi^re, G., and Bailhache, G., Accumulation of sugar and decrease of acid 
in grapes. Chem. Abs. Jour. (1912), p. 3022; Jour. Soc. Nat. Hort. France (4), 
pp. 125-7; Bot. Cent., 1912, pp. 117, 431. 

Pantanelli, Enzyme in must of overripe grapes. Chem. Abs. Jour., vol. VI 
(1912), p. 2447. 

* Alwood, W. B., Hartmann, J. B., Eoff, J. E., and Sherwood, S. F., Develop- 
ment of sugar and acid in grapes during ripening. U. 8. Dept. Agric, Bull. 335, 
April 11, 1916. 

The occurrence of sucrose in grapes. Jour. Indust., vol. II, Eng. Chem. 

(1910), pp. 481-82. 

Sugar and acid content of American native grapes. 8th Inter. Cong. 

Appl. Chem. (1912L Sect. Vla-XIv, pp. 33, 34. 

Enological Studies: the chemical composition of American grapes grown 

in Ohio, New York, and Virginia. IT. S. Dept. Agric. Bur. Chem. Bull. 145, 1911. 

Crystallization of cream of tartar in the fruit of grapes. U. S. Dept. 

Agric. Jour. Agric. Eesearch (1914), pp. 513, 514. 

Alwood, W. B., Hartmann, B. G., Eoff, J. E., Sherwood, S. F., Carrero, J. O., 
and Harding, T. J., The chemical composition of American grapes grown in the 
central and eastern states. U . S. Dept. Agric. ( 1936) Bull. 452. 
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investigations referred to, there is a slight increase in both of these 
constituents. 

In the investigations reported in the present paper, particular 
attention was given to increase in total solids and sugar, decrease in 
total acid, and changes in protein and cream of tartar in the must or 
juice of the grapes. The ripening of the leaves was traced by noting 
the changes in starch, sugar, acid, and protein content. 

Sampling , — During 1914 and 1915 samples of fruit were taken 
from the time the grapes had reached full size but were still hard and 
green until they had become overripe. During 1916 the first samples 
were taken shortly after the berries had set and before the seeds had 
formed. The last samples were taken when the grapes had become 
overripe. Samples of leaves were also taken in 1916 on the same 
dates that samplings of the grapes were made. The samples were 
taken at intervals of approximately one week. They were in all cases 
taken from the experimental vineyard at Davis.® 

Five-pound samples of grapes were used. The grapes were picked 
from the first crop, except in 1914, when a comparison of the ripening 
of first and second crops was made. An ordinary five-pound grape 
basket was filled with leaves at each sampling. The samples of grapes 
and leaves were shipped from the vineyard to the laboratory at 
Berkeley, where the grapes were placed in an Enterprise fruit crusher 
and pressed. The juice was sterilized in bottles at 212° P. The leaves 
were ground in an Enterprise food chopper and sterilized at 212® F 
in wide mouth, air tight bottles. The samples were then reserved for 
chemical examination. 

In 1914 it was found that there was considerable irregularity in 
the variation of samples from week to week. For example, instead 
of an increase of total solids during the periods between samplings, a 
slight decrease was found in a few samples. During the 1915 season 
it was therefore considered of interest to note what effect certain 
factors might have upon the composition of samples taken on the 
same date. 

1. Effect of Age of Vine. The entire first crop from three large 
old vines and from three small young vines, all of the Muscat variety, 
was picked, crushed, and pressed. Analyses of the juices were made 
with the following results : 

5 The authors wish to express their appreciation of the assistance of F. C. 
Flossfeder, of the University Farm at Davis, who gathered most of the samples 
reported upon in this paper. 
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Table 1— Effect of Age of Vine on Balling and Acid of Must of Muscat 

Grapes 


Vine 

Balling 

Acid 

Small, no. 1 

24.7 

.67 

Small, no. 2 

27.7 

.49 

Small, no. 3 

27.6 

.67 

Large, no 1 

22.0 

.88 

Large, no. 2 

23.5 

.75 

Large, no. 3 

23.6 

.76 

Average, small 

26.7 

.61 

Average, large 

23.0 

.81 

Difference 

• 3.7 

—.20 

The results show rather strikingly that young vines ripen their 

fruit earlier than do mature vines. 

This fact makes it essential that 

samples, to be comparative, must be taken from vines of the same age. 

2. Comparison of Grapes from North and South Sides of Vines 
The whole first crop from three large Muscat vines was picked. The 

bunches from the north and south sides of each 

vine were kept sep- 

arate. They were crushed, pressed, and analyzed for Balling and acid 

content. 



Table 2 — Comparison of Balling and Acid of Juice From Grapes Picked From 

North and South Sides of Vines 


Vine and side of vine 

Balling 

Acid 

1 N 

21.3 

' .92 

IS 

22.7 

.84 

2-N 

23.5 

.81 

2S 

23.5 

.80 

3-N 

23.1 

.81 

3S 

241 

.71 

Average, N side 

22.63 

.85 

Average, S side 

23.43 

.78 

Difference 

.80 

—.07 


The tests indicate that grapes located on the south side of the vine 
ripen more rapidly than those on the north side. This difference is 
apparently due to the fact that the south side of the vine receives 
more heat than the north side. 

3. Effe^'t of Location of Bunch on Cane. Grapes of first crop, from 
canes showing two bunches each, were picked and the bunches from 
near the bases of the canes kept separate from those near the tip of 
the cane. They were crushed, pressed, and analyzed for Balling and 
acid. 
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Table 3 — Ebpect of Location of Bunch on Cane 


Nearest base of cane Nearest tip of cane 

, A ^ a1 


Vine 

t" — 

Balling 

Acid 

Balling 

Acid 

Muscat, DO. 1, cane 1 

25.1 

.73 

23.7 

.83 

Muscat, no. 1, cane 2 

25.6 

.79 

24.8 

.80 

Muscat, no. 2, cane 1 

25.1 

.85 

24.6 

.87 

Muscat, no. 2, cane 2 

25.2 

.78 

24.7 

.85 

Muscat, no. 3, cane 1 

23.0 

.79 

22.6 

.82 

Muscat, no. 8, cane 2 

24.5 

.73 

23.8 

.73 

Muscat, no. 4, cane 1 

24.2 

.90 

25.2 

.90 

Muscat, no. 4, cane 2 

24.5 

.68 

23.8 

.83 

Tokay, cane 1 

21.2 

.67 

21.2 

.80 

Tokay, cane 2 

23.0 

.63 

22.4 

.76 

Sultanina, cane 1 

23.3 

.61 

22.3 

.62 

Sultanina, cane 2 

22.5 

.61 

23.0 

.63 

Sultana, cane 1 

23.2 

.78 

21.6 

.70 

Sultana, cane 2 

21.1 

.90 

20.0 

1.20 

Palomino, cane 1 

25.1 


23 5 


Palomino, cane 2 

22.0 


23 7 


Means 

24 9 

.75 

23 1 

.81 


The data indicate that bunches at the base of the cane ripen in most 
cases more rapidly than those near the tip, although this relation does 
not always hold and may be reversed in some instances. 

4. Variation in Balling Degree of Must from Bunches of Similar 
Appearance and Size from Same Vineyard and Gathered on Same 
Date. A five-pound basket of grapes of first crop and selected for 
similarity of color, size of bunch, and general appearance was picked 
from each of a number of vines in the same vineyard. Vines of 
similar size and appearance were chosen. Several varieties were rep- 
resented in the experiment. Tests of Balling degree only were made. 

Table 4 — ^Variation in Balling in Must From Grapes of Same Variety Picked 
From Different Vines of Similar Appearance 



Vine 

Mean 

Maximum 

Varietj 

number Balling 

Balling 

%ariation 

Cornjchon 

3 14.5 



Cornichon 

6 15.0 



Cornichon 

9 14.2 



Cornichon 

11 14.7 



Cornichon 

16.1 

14.9 

1.9 

Emperor 

10 12.0 



Emperor 

11 14.5 



Emperor 

13 15.2 



Emperor 

14 15.5 



Emperor 

17 15.0 

14.4 

3.5 

Malaga 

5 18.5 



Malaga 

6 17.2 
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Table (Continued) 


Variety 

Vine 

number 

Malaga 

7 

Malaga 

9 

Malaga 

11 

Muscat 


xixuscat 


Muscat 

* 

Muscat 

* 

Muscat 

* 

Palomino 

3 

Palomino 

4 

Palomino 

6 

Palomino 

7 

Palomino 

9 

Sultanina 


bultanina 

* 

Sultanina 


Sultanina 

* 

Sultanina 

* 

Tokay 


Tokay 

# 

Tokay 


Tokay 

» 

Tokay 

# 

Pedro Zumbon 

7 

Pedro Zumbon 

4 

Pedro Zumbon 

6 

Pedro Zumbon 

3 

Pedro Zumbon 

5 

Emperor 

15 

Emperor 

8 

Emperor 

14 

Emperor 

9 

Emperor 

16 

Oornichon 

4 

Cornichon 

9 

Cornichon 

10 

Cornichon 

11 

Oornichon 

13 

Malaga 

4 

Malaga 

5 

Malaga 

.6 

Malaga 

8 


Balling 

Mean 

Balling 

Maximum 

variation 

19.7 



18.5 



19.2 

18.6 

2.0 

21.7 



21.1 



20.9 



21.5 



21.7 

21.4 

.8 

19.5 



21.0 



21.2 



20.7 



18.8 

20.2 

2.4 

22.5 



21.5 




18.7 



22.0 



22.6 

21.5 

3.9 

19.8 



19.3 

* 


18.7 



20.7 



19.5 

19.6 

2.0 

21.5 



21.2 




20.6 

t 


18.5 



19.8 

20.3 

3.0 

18.1 



15.8 



16.2 



16.8 



16,3 

16.6 

2.3 

17.3 



16.3 


. . .. 

17.9 



17.8 



18.0 

17.5 

1.7 

18.3 



20.4 



20.0 



20.1 

19.7 

1.8 


Mean variation, six ripest varieties 2.32 

Mean variation, six least ripe varieties 2.20 

Average variation, whole series 2.30 


Adjacent vines. 
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The data illustrate the difficulty of selecting five-pound lots of the 
same variety that will represent average samples. 

5. Effect of Location of Berries on the Bunch. All of the bunches 
of the first crop were taken from two Muscat vines. The bunches 
were cut into top and bottom halves. These lots were crushed sep- 
arately, pressed, and the juices analyzed. 

Table 5 — Effect of Location of Berries on Bunch 


Sample Balling Acid 

Vine no. 1, stem end of bunch 28.6 .76 

Vine no. 1, apical end of bunch 22.7 .87 

Vine no. 2, stem end of bunch 21.8 .92 

Vine no. 2, apical end of bunch 21.3 .93 


The results sliow that considerable variation in composition of the 
berries may exist within the same bunch. 

6. Effect of Thoroughness of Pressing. About ten pounds of Mus- 
cat grapes were crushed and lightly pressed. The pulp and skins left 
from this pressing were then thoroughly crushed and pressed a second 
time. The juices from the two lots were analyzed separately. 

Table 6 — Effect of Thoroughness of Pressing 

Sample Balling Acid 

First pressing L2.8 .78 

Second pressing 22.8 .79 

There was practically no difference between the juices from lightly 
and thoroughly pressed graiies of the same lot. 

The data from the above six tests indicate that it is a very difficult 
matter to select grapes that will represent a fair average sample of 
the grapes to be studied. The size and age of the vine, the side of 
the vines, the location of the bunch on the cane, and individual vines, 
all affect the composition of the juice from the grapes very materially, 
and these factors should be taken into account when samples are 
taken. 

Preservation of Samples and Preparation for Analysis , — In 1914 
the samples of juice were preserved with IlgOL, 1 rlOOO. In 1915 and 
1916 the samples were sterilized at 100° C. Before analysis the bottles 
were heated to 100° C for an hour to dissolve any cream of tartar which 
might have separated. The juices were filtered before analysis. Con- 
siderable coagulation of dissolved solids took place during sterilization. 
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Methods of Analysis . — The samples were analyzed by the methods 
in use in the Agricultural Chemistry Laboratory and the Nutrition 
Laboratory of this station. A brief description of the methods follows : 

1. Total Solids. The juice was filtered clear and cooled below 
15° C. The specific gravity was determined by a pycnometer at 
15?5 C. The corresponding total solids, or extract, was found from 
Windisch^s tables in Leach’s Food Analysis, page 697. This table 
gives the extract as ‘‘grams per 100 grams”; that is, per cent by 
weight. To calculate the corresponding grams per 100 c.c., the per 
cent by weight was multiplied by the specific gravity. This gives a 
figure not very much greater than grams per 100 grams in juices of 
low specific gravity, but gives a figure as much as 2 per cent greater 
where the total solids are much above 20 per cent. The two methods 
of reporting total solids has in the past led to much unnecessary 
confusion. It is therefore urged that the reader bear in mind the 
distinption between the two methods when reading the discussions in 
this paper or examining the curves. 

2. Sugar. The sample was filtered; an aliquot was treated with 
lead acetate ; diluted to mark ; filtered ; lead removed with anhydrous 
NaoCO,, and the sugar determined in an aliquot by the gravimetric 
method, using Soxhlet’s modification of Fehling’s solution. The CusO 
was weighed directly after drying at 100® C. The corresponding 
sugar as invert sugar was obtained from Munson' and Walker’s table 
in Leach’s Food Analysis. The grams of invert sugar per 100 c.c. 
found in this way was divided by the specific gravity of the must to 
obtain the corresponding grams per 100 grams of juice. 

3. Total acid was determined by titration of a 30 c.c. sample with 
N/10 NaOH, using phenolphthalein as an indicator, and is reported 
as tartaric acid, grams per 100 c.c. 

4. Cream of tartar was estimated by a method suggested by Pro- 

fessor D. R. Hoagland of the Division of Agricultural Chemistry. 
Ten c.c. of the juice was incinerated at a low heat in a muffle furnace 
until well carbonized, but not to a white ash. (Excessive heating 
results in loss of K by volatilization.) The formed by incin- 

eration was leached out with hot water and a known excess of N/10 
HCl added. This was titrated back with N/10 NaOH, using methyl 
orange as an indicator. The K2CO3 is obtained by difference and 
calculated back to cream of tartar, assuming that all of the K2CO3 is 
formed by the oxidation of cream of tartar, KH(C4H40e). It is 
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reported as grams KH(C 4 H 40 e) per 100 c.c., and. also as tartaric 
acid. 

5. Free Tartaric Acid was obtained by diiference between total acid 
and cream of tartar calculated as tartaric acid. It is reported as 
grams per 100 c.c. 

6. Protein in the juice was determined by the usual Kjeldahl* 
Gunning method upon a 10 c.c. sample. It is reported as grams per 
300 c.c. 

7. Moisture in the leaves was determined by drying the sample at 
100° C. 

8. Sugar in the leaves was estimated by leaching the dried sample 
with cold water and determining sugar by the gravimetric Fehling 
method in the filtrate. 

9. Starch in the leaves was determined by hydrolysis of the dried 
ground sample with dilute HCl at 100° C., followed by filtration and 
tlie usual gravimetric Fehling method for juice described above. 

10. Protein in the leaves was determined by the Kjeldahl-Gunning 
m(»thod on .5 gram samples. 

11. Acid in the leaves was estimated by leaching in hot water and 
titrating in the presence of the leaves, using litmus paper as indicator. 

AnalyspH of Mnsts from Grape-Ripcnivg Samples, 191i, 1915, 1916, 
The data from the analyses have been assembled in the following 
tables. Owing to the size of the tables, abbreviations have been 
necessary for the lieadings of the columns. 


Explanations op Headings of Tables 

1. Sp. gr. = Specific gravity at 15?5 C. 

2. T.S.G. = Total solids in grams per 100 grams. 

3. T. S. C. = Total solids in grams per 100 c.c. 

4. S. G. = Sugar in grams per 100 c.c. 

5. S. I. = Sugar in grains per 100 grams. 

6. Tl. A. = Total acid in grams per 100 c.c. 

7. O.T. = Cream of tartar in grams per 100 c.c. 

8. C. T. T. = Cream 'of tartar as tartaric acid, grams per 100 c.c. 

9. T. A. = Total free acid as tartaric obtained by subtracting cream of tartar 
as tartaric from total acid as tartaric. 

10. P. = Protein, grams per 100 c.c. 

11. S. = Sum of sugar, cream of tartar, tartaric acid, and protein in grams 
per 100 c.c. 

12. T. S. — S. = Total solids (T. S. C.) — S (preceding column). 



112 


University of California Publications in Agricultural Sciences 


[Vol. 3 


Table 7— Grape Ripening Tests, 1914 


(Grapes from Davis) 


Malaga 
First crop: 
Variety 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

and date 

Sp. gr. 

T. S. G. 

T. 8. C. 

8. G. 

8. 1. 

Tl. A. 

C. T 

C. T. T. 

T. A. 

P. 

8. 

T. 8. S. 

Aug. 19 

1.0396 

10.25 

10.65 

7.32 

7.04 

2.78 

.35 

.13 

2.65 

.21 

10.53 

.12 

Aug 26 

1.0413 

10.69 

11.13 

7.84 

7.53 

2.65 

.36 

.14 

2.51 

.25 

10.96 

.17 

Aug. 26 

1.0595 

15.42 

16.33 

13.37 

12.62 

.77 

.48 

.19 

.58 

.55 

14.98 

1.41 

Aug. 26 

1.0613 

15.87 

16.84 

14.31 

13.50 

1.46 

.31 

.12 

1.34 

.33 

16.29 

.55 

Aug. 26 

1.0694 

18.01 

19.25 

16.59 

15.52 

1.00 

.36 

.14 

.86 

.38 

18.19 

1.06 

Aug. 31 

1.0732 

19.00 

20.39 

17.65 

16.45 

.87 

.55 

.22 

.65 

.45 

19.30 

1.09 

Sept. 23 

1.0736 

19.10 

20.50 

17.83 

16.60 

’.74 

.38 

.15 

.59 

.52 

19.32 

1.18 

Oct. 5 

1.0965 

25.12 

27.54 

24.89 

22.70 

.72 

.50 

.20 

.52 

.57 

26.48 

1.06 

Second crop 
Aug. 10 

1.0213 

5.51 

5.62 

2.07 

2.03 

3.22 

.23 

.09 

3.13 

.17 

5.60 

.02 

Aug. 31 

1.0495 

12.82 

13.45 

9.58 

9.13 

2.51 

.40 

.16 

2.35 

.28 

12.61 

.84 

Sept. 14 

1.0532 

13.78 

14.51 

11.89 

11.30 

2.07 

.37 

.15 

1.92 

.31 

14.49 

.02 

Sept. 23 

1.0670 

17.43 

18.60 

15.29 

14.33 

1.54 

.50 

.20 

1.35 

.29 

17.43 

1.17 

Sept. 23 

1.0869 

22.59 

24.55 

22.04 

20.19 

1.07 

.45 

.18 

.89 

.41 

23.79 

.76 

Oct. 5 

1.0930 

24.20 

26.45 

23.90 

21.87 

.94 

.48 

.19 

.75 

.41 

25.54 

.91 


Tokay 
First crop: 


Aug. 2 

1.0454 

11.75 

12.28 

8.73 

8.35 

2.63 

.46 

.18 

2.45 

.32 

11.96 

.32 

Aug. 10 

1.0624 

16.08 

17.08 

14.28 

13.44 

1.56 

.45 

.18 

1.38 

.27 

16.38 

.70 

Aug. 19 

1.0682 

17.69 

18.90 

15.94 

14.92 

1.32 

.45 

.18 

1.14 

.27 

17.80 

1.10 

Aug. 3i 

1.0849 

22.09 

23.97 

21.87 

20.16 

.63 

.59 

.23 

.40 

.40 

23.26 

.71 

Sept. 4 

1.0865 

22.49 

24.44 

22.21 

20,44 

.77 

.43 

.17 

.60 

.32 

23.56 

.88 

Sept. 4 

1.0912 

23.72 

25.88 

23.44 

21.48 

.59 

.64 

.25 

.44 

.41 

24.93 

.95 

Sept. 23 

1.0937 

24.38 

26.66 

24.15 

22.08 

.58 

.49 

.19 

.30 

.39 

25.33 

1.33 

Oct. 14 

1.0991 

25.80 

28.36 

25.55 

23.25 

.45 

.54 

.21 

.24 

.45 

26.78 

1.58 

Oct. 14 

1.1000 

26.04 

28.64 

25.78 

23.44 

.52 

.58 

.23 

.29 

.58 

27.23 

1.41 

Second crop: 

Aug. 19 1.0657 

17.04 

18.16 

15.03 

14.10 

1.91 

.50 

.20 

1.70 

.32 

16.55 

.61 

Sept. 14 

1.0701 

18.19 

19,47 

16.68 

15.59 

1.29 

.52 

.21 

1.11 

.33 

18.64 

.83 

Sept. 23 

1.0769 

19.95 

21.48 

19.22 

17.85 

1.01 

.48 

.19 

.82 

.40 

20.92 

.56 

Oct. 14 

1.0911 

23.70 

25.86 

23.43 

21.47 

.69 

.60 

.24 

.45 

.40 

24.88 

.98 


Table 8 — Grape Ripening Tests, 1915 


(Grapes from Davis) 


L ornichon 

Variety 

1 

2 

3 

4 

,5 

6 

7 

8 

9 

10 

11 

12 

and date 

Sp. gr. 

T. S. G. 

T S. C. 

S. G: 

S. I. 

Tl. A. 

0. T. 

C. T. T. 

T. A. 

P. 

S. 

T. S. S*. 

Aug. 22 

1.0324 

8.38 

8.65 

3.99 

3.86 

3.05 

.58 

.23 

2.82 

.38 

7.77 

.88 

Sept. 1 

1.0514 

13.31 

13.99 

10.70 

10.18 

1.62 

.61 

.25 

1.37 

.42 

13.10 

.89 

Sept. 15 

1.0688 

17.85 

19.08 

15.94 

14.91 

.97 

.70 

.28 

.69 

.43 

17.76 

1.32 

Sept. 22 

1.0723 

18.76 

20.12 

16.97 

15.83 

.94 

.71 

.28 

.66 

.46 

18.80 

1.32 

Sept. 29 

1.0737 

19.13 

20.54 

18.31 

17.05 

.87 

.75 

.30 

.61 

.66 

20.33 

.21 

Oct. 7 

1.0781 

20.28 

21.86 

19.41 

18.02 

.71 

.73 

.29 

.42 

.48 

21.04 

.82 

Oct. 14 

1.0843 

21.91 

23.76 

20.40 

18.81 

.78 

.68 

.27 

.62 

.66 

22.36 

1.40 

Oct. 22 

1.0873 

22,70 

24.68 

21.06 

19.37 

.75 

.78 

.31 

.44 

.46 

22.74 

1.94 
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Table 8 — (^Continued) 

Emperor 


Variety 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

and date 

8p. gr. 

T. S. G. 

T. S. C. 

S. G. 

S. I. 

Tl. A. 

C.T. 

C.T.T. 

T. A. 

P. 

S. T 

A. S. 

Aug. 19 

1.0420 

10.87 

11.33 

6.96 

6.68 

2.33 

.38 

.15 

2.18 

.38 

9.90 

1.43 

Sept. 1 

1.0479 

12.40 

12.99 

9.82 

9.37 

1.89 

.40 

.16 

1.73 

.62 

12.57 

.42 

Sept. 7 

1.0560 

14.51 

15.32 

11.48 

10.87 

1.70 

.47 

.19 

1.57 

.54 

14.00 

1.32 

Sept. 15 

1.0632 

16.37 

17.40 

14.88 

14.00 

1.40 

.53 

.21 

1.18 

.54 

17.13 

,27 

Sept 22 

1.0652 

16.91 

18.01 

15.46 

34.51 

.93 

.48 

.19 

.74 

.55 

17.23 

.78 

Sept. 29 

1.0672 

17.43 

18.60 

16.37 

15.34 

.91 

.48 

.19 

.72 

.66 

18.23 

.37 

Oct. 7 

1.0744 

19.31 

20.75 

17.82 

16.59 

.79 

.58 

.23 

.56 

.51 

19.47 

1.28 

Oct. 14 

1.0765 

19.86 

21.38 

18.37 

17.06 

.79 

.59 

.24 

.56 

.63 

20.15 

1.23 

Oct. 22 

1.0792 

20.57 

22.20 

19.81 

18.36 

.75 

.63 

.25 

.49 

.66 

21.59 

.6L 

Malaga 

Aug. 19 

1.0546 

14.14 

14.91 

12.47 

11.82 

2.05 

.36 

.15 

1.90 

.75 

15.48 

.57 

Aug. L./ 

1.0651 

16.86 

17.96 

14.53 

13.64 

1.66 

.46 

.18 

1.48 

.90 

17.37 

.59 

Sept. 1 

1.0678 

17.59 

18.78 

16.75 

1.5.69 

1.38 

.44 

.18 

1.20 

.89 

19.28 

.50 

Sept. 7 

1.0719 

18.66 

19.50 

17.00 

15.86 

1.29 

.44 

.18 

1.11 

.70 

19.25 

.25 

Sept. 15 

1.0758 

19.68 

21.17 

18.17 

16.89 

1.21 

.62 

.25 

.96 

.70 

20.45 

.72 

Sept. 22 

1.0760 

19.81 

21,32 

18.39 

17.09 

1.18 

.61 

.25 

.93 

.74 

20.67 

.65 

Sept. 29 

1.0812 

21.20 

22 92 

38.48 

17.09 

1.07 

.58 

.23 

.84 

.75 

20.65 

2.27 

Oct. 7 

1,0838 

21,78 

23,61 

21,03 

19.40 

1.07 

.65 

.26 

.81 

.73 

23.22 

.39 

Oct. 14 

1.0970 

25.25 

27.70 

24.58 

22.41 

.59 

.83 

.33 

.26 

.88 

26.55 

1.15 

Muscat 

Aug. 19 

1.0615 

15.94 

16.92 

13.93 

13.12 

1.70 

.36 

.15 

1.55 

.70 

16.54 

.38 

Aug. 25 

1.0741 

19.31 

20.75 

17,96 

16.72 

1.21 

.62 

.25 

.96 

.62 

20.16 

.59 

Sept. 1 

1.0805 

20.91 

22.59 

19.50 

18.05 

.79 

.63 

.25 

.54 

.63 

21.30 

1.29 

Sept. 7 

1.0827 

21.47 

23,25 

20.39 

18.83 

.76 

.65 

.26 

.50 

.66 

22.20 

1.05 

Sept. 15 

1.0917 

23.85 

26.04 

23.49 

21.52 

.96 

.58 

.23 

.73 

.58 

25.38 

.66 

Sept. 22 

1.0954 

24.14 

26.44 

24.54 

22.40 

.77 

.62 

.25 

.52 

.85 

26.53 

.09 

Sept. 29 

1.104S 

27.30 

30.16 

27.01 

24.45 

.72 

.72 

.29 

.44 

.72 

28.89 

1.27 

Oct. 7 

1.1079 

28.12 

31.15 

28.28 

25.53 

.66 

.59 

.23 

.43 

.66 

29.96 

1.19 


Pedro Zunibon 


Aug. 19 

1.0555 

14.38 

15.18 

11.96 

Aug. 25 

1.0588 

15.24 

16.14 

13.77 

Sept. 1 

1.0642 

16.64 

17.71 

15,61 

Sept. 7 

1.0693 

17.98 

19.23 

16.55 

Sopt. 15 

1.0708 

18.37 

19.67 

18.17 

Sept. 22 

1.0912 

23.72 

25.88 

23.02 

Sultana 

Aug. 19 

1.0673 

17.80 

19.00 

15.63 

Aug. 25 

1.0746 

19.37 

20.82 

17.96 

Sept. 1 

1.0815 

21.17 

22.90 

20.26 

Sept. 7 

1.0893 

23.22 

25.29 

23.02 

Sept. 22 

1.0902 

23.39 

25.50 

23.10 

Sept. 29 

1.0922 

23.99 

26.20 

24.04 


11. .33 

1.81 

.68 

.27 

1..54 

.33 

14.51 

.67 

13.01 

1.09 

.57 

.23 

.86 

.53 

15.73 

.41 

14.67 

.58 

.52 

.21 

.37 

.43 

16.93 

.78 

15.48 

.84 

.48 

.19 

.65 

.73 

18.41 

.82 

16.97 

.56 

.58 

.23 

.33 

.64 

19.72 

.05 

21.10 

.53 

.87 

.35 

.19 

.64 

24.72 

1.16 


16.64 

1.69 

.33 

.13 

1.56 

.32 

17.84 

1.16 

16.71 

1.44 

.37 

.14 

1..30 

.38 

20.01 

.81 

18.73 

1.14 

.54 

.22 

.92 

.50 

22.22 

.68 

21.13 

.78 

.44 

.18 

.60 

.34 

24.40 

.89 

21.19 

1.24 

.50 

.20 

1.04 

.38 

25.02 

.48 

22.01 

.80 

.41 

.17 

.63 

.42 

25.50 

.70 
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Sultanina 


Table 8 — (Continued) 


Variety 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

and date 

Sp. gr. 

T. S. G. 

T. S. 0. 

S. G. 

S. I. 

Tl. A. 

C. T. 

O.T.T. 

T.A. 

P. 

S. ' 

T. A. S. 

Aug. 19 

1.0673 

17.46 

18.64 

15.87 

14.87 

1.27 

.44 

.18 

1.09 

.42 

17.82 

.82 

Aug. 25 

1.0743 

19.26 

20.69 

18.30 

17.03 

1.19 

.47 

.19 

1.00 

.37 

20.14 

.55 

Sept. 1 

1.0771 

20.02 

21.56 

18.98 

17.62 

.85 

.49 

.20 

.65 

.42 

20.54 

i.02r 

Sept. 7 

1.0892 

23.20 

25.27 

22.42 

20.58 

.72 

.80 

.32 

.40 

.62 

24.24 

1.03 

Sept. 15 

i.0927 

24.12 

26.36 

23.62 

21.62 

.79 

.76 

.30 

.39 

.45 

25.22 

1.14 

Sept. 22 

1.0984 

25.62 

28.14 

25.71 

23.41 

.60 

.58 

.23 

.37 

.45 

27.11 

1.03 

Sept. 29 

1.1049 

27.33 

30.20 

27.41 

24.81 

.54 

.51 

.20 

.34 

.42 

28.68 

1.52 

ToKay 













Aug. 19 

1.0598 

15.50 

16.43 

14.41 

13,60 

1.74 

.41 

.16 

1.58 

.29 

16.69 

.26 

Aug. 25 

1.0676 

17.54 

18.73 

15.63 

14.64 

1.24 

.39 

.15 

1.09 

.69 

17.80 

.93 

Sept. 1 

1.0757 

19.65 

21.14 

18.17 

16.89 

.84 

.47 

.19 

.66 

.44 

19.74 

1.40 

Sept. 7 

1.0781 

20.28 

21.86 

19.11 

17.73 

.79 

.45 

.18 

.61 

.37 

20.54 

1.32 

Sept. 15 

1.0785 

20.39 

21.99 

19.26 

17.86 

.74 

.48 

.19 

.55 

.40 

20.69 

1.30 

Sept. 22 

1.0798 

20.73 

22.38 

20.17 

18.68 

.59 

.51 

.20 

.39 

.36 

21.43 

.95 

Sept. 29 

1.0823 

21.38 

23.14 

20.76 

19.18 

.85 

.58 

.23 

.62 

.28 

22.24 

.90 

Oct. 7 

1.0830 

21.57 

23.36 

20.87 

19.27 

.69 

.63 

.25 

.44 

.42 

22.36 

1.00 

Oet. 14 

1.0851 

22.12 

24.00 

21.53 

19.84 

.65 

.69 

.28 

.38 

.36 

22.96 

1.04 

0(‘t. 22 

1.0895 

23.28 

25.36 

22.91 

21.03 

.66 

.72 

.29 

.37 

.37 

24.37 

.99 



Table 9- 

—Grape Ripening Tests, 

1916 





Burger 













Variety 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

and date 

Sp. gr. 

T S G. 

T. S. C, 

S G. 

S. I. 

Tl. A. 

C. A. 

C.T.T 

T. A. 

P. 

S 

T. S. S. 

June 12 

1.0212 

5.48 

5.59 

1.29 

1.55 

2.95 

.55 

.22 

2.73 

.44 

5.27 

.32 

June 19 

1.0195 

5.04 

5.88 

.87 

.88 

2.88 

.51 

.21 

2.67 

.45 

4.51 

1.37 

June 27 

1.0220 

5.69 

5.82 

1.25 

1.28 

2.94 

.33 

.h 

2.81 

.45 

4.87 

.95 

July 7 

1.0220 

5.69 

5.82 

1.11 

1.28 

2.98 

.49 

.20 

2.78 

.31 

4.86 

.96 

July 10 

1.0200 

5.17 

5.27 

.93 

.95 

3.32 

.57 

.23 

3.09 

.37 

4.97 

.30 

July 19 

1.0205 

5.30 

5.41 

1.03 

1.05 

3.13 

.55 

.22 

2.91 

.35 

4.86 

.55 

July 27 

1.0225 

5.82 

5.95 

1.13 

1.15 

2.93 

.48 

.19 

2.74 

.34 

4.71 

1.24 

Aug. .S 

1.0258 

6.67 

6.84 

2.14 

2.19 

2.71 

.63 

.25 

2.46 

.40 

5.68 

1,16 

Aug. 7 

1.03.30 

8.53 

8.83 

3.36 

3.46 

2.67 

.87 

.35 

2.32 

.47 

7.12 

1.21 

Aug. 16 

1.0.391 

10.11 

10.51 

5.90 

6,13 

2.41 

.95 

.38 

2.03 

.46 

9,57 

.94 

Aug. 23 

1.0422 

10.92 

11.38 

6.03 

6.27 

2.10 

.98 

.39 

1.71 

.63 

9.59 

1.89 

Aug. 30 

1.0529 

13.70 

14.42 

9.95 

10.42 

1.15 

1.03 

.41 

.74 

.49 

12.70 

1.72 

Sept. 5 

1.0645 

16.73 

17.81 

14.51 

15.43 

1.01 

1.07 

.43 

.68 

.61 

17.79 

.02 

Sept. 12 

1.0717 

18.61 

19.94 

16.27 

17.36 

.95 

.98 

.39 

.56 

.82 

19.72 

.22 

Sept. 20 

1.0765 

19.86 

21.37 

17.44 

18.73 

.87 

1.06 

.42 

.45 

.62 

20.86 

.51 

Sept. 26 

1.0808 

20.99 

22.68 

18.48 

19.99 

.81 

1.01 

.40 

.41 

.83 

22.24 

.44 

Cornichon 













June 12 

1.0202 

5.22 

5.32 

.91 

.93 

3.15 

.64 

.26 

2.89 

.32 

4.78 

.54 

June 19 

1.0200 

5.17 

5.27 

.86 

.88 

2.96 

J62 

.25 

2.71 

.42 

4.63 

.64 

June 27 

1.0193 

4.99 

5.08 

.84 

.86 

2.89 

.39 

.16 

2.73 

.56 

4.54 

.44 

July 7 

1.0201 

5.19 

5.29 

.87 

.89 

2.88 

.44 

.18 

2.70 

.52 

4.55 

.74 

July 10 

1.0206 

5.32 

5.43 

.85 

.87 

3.27 

.54 

.22 

3.05 

.53 

4.99 

.44 

July 19 

1.0225 

5.82 

5.95 

1.28 

1.30 

3.11 

.57 

.23 

2.88 

.5.) 

5.30 

.65 

July 27 

1.0242 

6.25 

6.40 

1.63 

1.66 

2.94 

.54 

.22 

2.72 

.44 

5.26 

.14 

Aug. 3 

1.0373 

9.65 

10.00 

6.00 

5.19 

2.87 

.59 

.24 

2.63 

.56 

8.97 

1.03 
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Table 9 — (Continued) 


Variety 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

and date 

Sp. gr. 

T. S. G. 

T. S. 0. 

S.G. 

S. I. 

Tl. A. 

C. T. O.T.T. 

T. A. 

p. 

S. T. A. S. 

Aug. 7 

1.0375 

9.70 

10.06 

5.28 

5.48 

2.79 

.65 

.26 

2.53 

.66 

9.32 

.64 

Aug. 16 

1.0434 

11.23 

11.71 

6.30 

6.57 

2.75 

1.06 

.43 

2.32 

.53 

10.48 

1.23 

Aug. 23 

1.0635 

16.47 

17.51 

12.19 

12.96 

1.85 

1.06 

.43 

1.42 

.58 

16.02 

1.49 

Aug. 30 

1.0685 

17.77 

18.97 

14.75 

15.61 

1.16 

1.10 

.44 

.72 

.63 

18.06 

.91 

Sept. 5 

1.0694 

18.01 

19.25 

15.03 

16.07 

.93 

.90 

.36 

.57 

.58 

18.12 

1.13 

Sept. 12 

1.0757 

19.65 

21.09 

16.37 

17.60 

.87 

1.14 

.46 

.41 

.78 

19,97 

1.12 

Sept. 20 

1.0786 

20.41 

22.00 

17.52 

18.88 

.84 

.94 

.37 

.44 

.59 

20.85 

1.15 

Sept. 26 

1.0828 

21.52 

23.30 

18.52 

20.03 

.72 

.83 

.33 

.39 

.85 

22.10 

1.20 

Muscat 

June 12 

1.0203 

5.25 

5.35 

.91 

.93 

2.93 

.65 

.26 

2.71 

.38 

4.67 

.68 

Juno 19 

1.0199 

5.14 

5.24 

.70 

.72 

3.37 

.63 

.25 

3.12 

.44 

4.91 

.33 

June 27 

1.0210 

5.43 

5.54 

1.33 

1.36 

3.33 

.48 

.19 

3.14 

.49 

5.47 

,07 

July 7 

1.0210 

5.43 

5.54 

1.63 

1.66 

3.32 

.54 

.22 

3.10 

.45 

5.75 

.21 

July 10 

1.0195 

5.04 

5.14 

1.33 

1.36 

3.60 

.55 

.22 

3.38 

.36 

5.65 

.51 

July 19 

1.0251 

6.49 

6.65 

2.55 

2.61 

3.40 

.58 

.23 

3.17 

.49 

6.85 

.20 

July 27 

1.0308 

7.97 

8.22 

3.56 

3.67 

2.67 

.66 

.26 

2.01 

.45 

6.79 

1.43 

Aug. 3 

1.0488 

12.64 

13.26 

9.72 

10.19 

1.77 

.68 

.27 

1.50 

.46 

12.83 

.43 

Aug. 7 

1.0582 

15.68 

16.58 

12.72 

13.53 

1.60 

.73 

.29 

1.31 

.55 

16.12 

.46 

Aug. 16 

1.0803 

20.86 

22.53 

16.81 

18.15 

1.16 

.94 

.38 

.78 

.51 

20.38 

1.70 

Aug. 23 

1.0910 

23.67 

25.82 

20.20 

22.04 

.82 

1.04 

.42 

.40 

.56 

24.04 

1.78 

Aug. 30 

1.0972 

25.30 

27.75 

21.87 

22.99 

.65 

1.21 

.49 

.16 

.58 

25.94 

1.81 

Sept. 5 

1.1023 

26.64 

29.36 

23.28 

24.74 

.60 

1.17 

.47 

.13 

.65 

26.69 

2.67 

Sept. 12 

1.1101 

28.70 

31.85 

25.95 

27.83 

.56 

1.35 

.54 

.02 

.69 

29.89 

1.96 

Sept. 20 

1.1122 

29.25 

32,72 

26.43 

29.39 

.68 

1,56 

.63 

.05 

.58 

31.27 

1.45 

Sept. 26 

1.1133 

29.54 

32.89 

26.68 

29.70 

.56 

1.39 

.56 

.00 

.59 

31.57 

1.32 


Table 10 — Catawba Grape Ripening Tests 
(Table from U. S. Dept. Agric. Bulletin 335, by "W. B. Alwood) 


Catawba 

1912: 


Variety 

1 

2 

3 

4 

5 

6 

7 

8 

9 

and date 

Sp. gr. 

T. S. G. 

T S. C. 

S. T. 

S G. 

Tl A. 

C. T. 

C T. 

T. Days 

Sept. 4 

1.0329 

8.51 

8.84 

3.60 

3.72 

3.68 

.39 

.16 

0 

Sept. 9 

1.0419 

10.84 

11.29 

6.68 

6.96 

3.02 

.41 

.16 

5 

Sept. 12 

1.0515 

13.34 

14.03 

9.35 

9.78 

2.48 

.46 

.18 

8 

Sept. 17 

1.0537 

13.91 

14.66 

10.38 

10.95 

2.12 

.45 

.18 

13 

Sept. 24 

1.0569 

14.74 

15.58 

11.33 

11.96 

1.74 

.53 

.21 

20 

Oct. 1 

1.0614 

,15.92 

16.89 

12.75 

13.48 

1.03 

.54 

.22 

27 

Oct. 7 

1.0663 

17.20 

18.34 

13.79 

14.71 

1.53 

.61 

.24 

33 

Oct. 16 

1.0725 

18.82 

20.18 

15.35 

16.46 

1.34 

.61 

.24 

42 

Oct. 23 

1.0716 

18.58 

19.90 

15.01 

16.09 

1.28 

.59 

.24 

47 

Oct. 29 

1.0769 

19.97 

21.50 

16.49 

17.75 

1.22 

.57 

.23 

53 

Nov. 4 

1.0790 

20.52 

22.14 

16.77 

18.08 

1.28 

.71 

.28 

59 

Nov. 8 

1.0755 

19.60 

21.07 

16.39 

17.61 

1.09 

.52 

.21 

63 
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Curves of Total Solids, Sugar, Total Acid, Free Acid, and Cream 
of Tartar, — In order to present the data in a form in which they may 
be readily studied, graphs have been constructed using time in days 
as abscissae and the above constituents expressed in grams per 100 c.c. 
as ordinates. The curves represent the data for 1914, 1915, and 1916. 
For comparison, curves of the changes in composition of Catawba 
grapes reported by W. B, Alwood in the United States Department 
of Agriculture Bulletin 335 have been included. The acid principles 
have been plotted to a scale five times as great as that used for total 
solids and sugar in order that the variations in acidity might be more 
apparent. 

Discussion of Graphs of Total Solids, Sugar, Total Acid, Cream of 
Tartar, and Free Acid. — (1) Total Solids and Sugar. The data are 
more complete for 1916 than for 1914 or 1915, and include the period 
during which the berries are growing to full size as well as the ripen- 
ing period itself, during which the rapid increase in sugar occurs. 
The curves for 1916, therefore, are of more interest than those for 
1914 and 1915. In the case of the Burger variety, total solids and 
sugar remained constant for approximately forty days after the tests 
were started. There was then a slight rise in these components for 
a period of about ten days. From that point on the rise in total solids 
and sugar was very rapid and fairly uniform. The behavior of the 
Cornichon was very similar. 

The Muscat began ripening about ten days earlier than the Burger 
and Cornichon, and proceeded much more rapidly up to about the 
ninetieth day after the experiment was started. There was then a 
slowing up in the increase in total solids and sugar corresponding to 
the period of over-ripeness. This slower increase in total solids is 
also evident in the curves for Emperor, Muscat, Sultana, and Tokay 
for the 1915 season, and would undoubtedly show in all cases if the 
observations were continued sufficiently. 

The effect of the season upon the rate of ripening is shown by a 
comparison of the Cornichon and Muscat varieties for 1915 and 1916. 
All varieties ripened more slowly in 1915 than in 1916, resulting in 
steeper curves for 1916. However, owing to the fact that sampling 
was started later in 1914 and 1915 than in 1916, the curves for the 
former two years show only the changes taking place during the latter 
half of the ripening period. No very close comparisons therefore can 
be made of the tjiree years. 

The Catawba reported by Alwood, and for which curves appear 
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Fig. 1 — Malaga first and second crops, 1914. 
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Fig. 2 — Tokay first and second crops, 1914. 
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Fig. 4 — Malaga and Muscat, 1915. 
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Fig. 5— Pedro Zumbon and Sultana, 1915. 
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TIM a iN D/F/S 

Fig. 6 — Sultanina and Tokay, 1915, 
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TIMC iN Ony3 

Fig. 7 — ^Burger and Cornichon,.1916. 
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rtM£tN D/fys 

Fig. 8 — Muscat, 1916. 



T/M£ //V OfP/5 

Fig. 9 — Catawba (U. S. Dept. Agnc. Bull. 335). 
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111 figure 9, ripened more slowly than the Vinifera varieties. For 
example, during a period of fifty days, the total solids increased only 
4 per cent. It can not be said from the data at hand whether this 
slow ripening is due to the conditions under which the grapes were 
grown or to the variety. 

By reference to figures 1 and 2 it may be seen that the general 
form of the ripening curves is the same for the first and for second 
crop. In one case, the Malaga, the curves are almost identical for 
the period common to both, i.e., from 10.6 Bal. to 26.3 Bal., showing 
an equal rate of ripening. In the other, the Tokay, the curve of the 
second crop, from 18.2 Bal. to 24.6 Bal., is much flatter than that of 
the first, indicating a rate of ripening with the latter of about two 
and a half times that of the former. This difference can be accounted 
for by the cooler weather during the time the second crop Tokay was 
ripening, which was about ten days later than in the case of the second 
crop Malaga. The slower ripening is probably duo both to the direct 
effect of the cool weather and to the decreased activity of the leaves 
at lower temperatures. 

(2) Changes in Total Acid, Cream of Tartar, and Free Acid. 
Owing to the fact that the analyses were started in 1914 and 1915 
after ripening had commenced, the curves for these years show a 
decrease in acid throughout the period of the tests. In 1916, however, 
a rise in total acid occurred during the growing stage, as shown by 
a rise in the curve during the first thirty days of the experiment. 
Although this rise is not very large, it is quite definite, and occurs 
in all three varieties tested. The rise wa^ most positive in the case 
of the Muscat grape, and amounted to .67 per cent acid as tartaric. 
From the point of maximum acidity, the total decreases slowly until the 
period of rapid ripening sets in. The total acid then decreases very 
rapidly for a time and more or less in proportion to the increase in 
total solids and sugar. As the grapes near maturity, the rate of de- 
crease of total acid becomes less and the total remains practically 
constant after the grapes have reached maturity. 

The cream of tartar in general increases very slightly during the 
periods of growth and ripening. 

The increase in total acid during the first stages of growth is due 
to increase in the free acid. Since the cream of tartar remains almost 
constant throughout the ripening period, the curve of the free acid 
is practically parallel with that of the total acid. 

As the grapes approach maturity, the cream of tartar calculated as 
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tartaric acid approaches the total acid, and in one case, (Musct, 1916), 
actually became equal to the total acid, indicating that in this instance 
no free acid remained. 

Second crop grapes were found to be higher in free acid than 
first crop grapes of the same total solids and sugar content. The 
Catawba grape grown under eastern conditions (fig. 9) exhibits rela- 
tively high free acid. Alwood® has found this free acidity in eastern 
grapes to be due largely to malic acid. No attempt was made in the 
analyses of the California samples to identify the various acids making 
up the free acidity which was calculated as tartaric acid. 

Mean Differences Between Total Solids and Sugar . — The following 
table contains figures representing the differences between total solids 
and sugar at the various percentages of total solids indicated at the 
tops of the columns. The data represent a range of total solids from 
5 per cent to 30 per cent. The figures were taken from the data 
reported in tables 7 to 9, and represent several varieties of grapes. 
Only a few determinations of total solids and sugar were available 
for the lower concentrations (5 per cent to 15 per cent), and therefore 
the figures for this range may not represent averages so accurately 
as the figures above 15 per cent total solids. 

Between 5 per cent and 11 per cent solids, the average difference 
between total solids and sugar remains practically constant. Frohi 
11 per cent to 17 per cent total solids, the meaif difference decreases 
quite rapidly. From 17 per cent to 30 per cent, the difference remains 
fairly constant. The variations noted after 17 per cent total solids 



0 U. S. Dept. Agric. Bull. 335. 
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was reached are probably within the experimental error. The large 
difference between the total solids and sugar noted during the first 
stages of ripening is no doubt due to the high acid content of the 
unripe grapes. The fact that the difference remains fairly constant 
after the grapes have become mature is to be expected, because the 
cream of tartar, total acid, and protein remain fairly constant as 
maturity is approached and during the periods of maturity and over- 
ripeness. 



Protein , — The total nitrogen content of the various samples was 
multiplied by 6.25 to convert it into its protein equivalent. Owing 
to the fact that the samples were sterilized by heat and filtered before 
analysis, the figures represent only the protein not coagulated by heat. 

The curves show that there is a slow increase in protein content 
during g/owth and ripening and the greatest increase occurs during 
the period of most rapid increase of sugar and most rapid decrease 
of acid. The increase amounted to about .2 per cent in the case of the 
Muscat and .6 per cent in the case of the Cornichon. The increase 
seems to be quite definite, although the protein curves are not so 
regular as those of total solids, sugar, and total acid. 
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Summary op Changes in Must op Grapes During Growth and 
Ripening op Berries 

1. Total Solids . — The total solids remain fairly constant during 
the period of growth, corresponding to the period between setting of 
the berries and the time at which the berries have reached almost 
full size but are still hard and green. Prom this point on, there is a 
rapid increase in total solids due to increase in sugar. 

After the period usually considered as full maturity is reached, 
the increase in total solids is slow. The question may be raised as to 
whether this last increase is due to an actual synthesis and secretion 
of sugar or other solids, or simply to evaporation of water. The fact 
that there is no change in the curve of the acid decrease at this time 
indicates that tlie sam(» processes are continuing and that the increased 
Balling degree represents an actual increase of solids. This view is 
fortified by observations regarding the increase of weight of solids 
during the ripening of raisin grapes. It has been shown that the 
weight of dried grapes shows a continuous increase up to the highest 
degree ob.served, 28.75 Balling,^ 

2. Sugar . — The total sugar during the growth period comprises 
only a small amount of the total solids. During ripening, the sugar 
rapidly increases and then constitutes a much greater proportion. 
During ripening, the sugar curve follows the total solids curve closely. 
It is more or less the mirror image of the total acid curve multiplied 
by five, i.e., increases as the acid decreases. 

3. Total Acid and Free Acid . — During the early stages of the 
growth of the berries, the acidity increases owing to an increase of 
free acid. This is a fact that the authors have not found mentioned 
in the literature. During ripening, the total and free acid rapidly 
decrease. After maturity is reached, the decrease is very slow. 

4. Cream of Tartar . — There is a very slow, but usually fairly defi- 
nite, increase in cream of tartar during ripening. This increase is 
very much less than the decrease in free acid, and therefore can not 
account for any great part of this decrease. 

7 Bioletti, Frederic T., Relation of the maturity of the grapes to the quantity and 
quality of the raisins. Proe. Inter. Cong, of Viticulture, San Francisco, 1915, 
pp. 307-314. 
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5. Protein , — The protein not coagulated by heat increased defi- 
nitely during growth and ripening, although the increase was not so 
regular nor so marked as the increase in sugar or the decrease in total 
acid. 

6. Difference Between Total Solids and Sugar , — This factor re- 
mained constant for the lower percentages of total solids, decreased 
during the rapid ripening stage, and remained constant through 
maturity and over-ripeness. 
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A NEW METHOD OE EXTRACTING THE 
WOJL SOLUTION 

{A I’rdimitmry Communication) 

BY 

CHAS. B. LI PM AN 


While studying, in 1914, some of the data obtained by Qniiieke 
ill iiu‘asuriiif>* the forces by which thin water films are held by tiny 
particles of solid matter, there occurred to the writer a new possibility 
for a method of extracting the soil solution from soils with optimum 
moisture contents. By making a sim])le calculation, I found that if 
Quincke's tigures were (*orre(*t, particles of .005 mm. in diamcdtu* had 
the power of holding very thin films of water with a force e(piivalent 
to about dOO.OOO lbs. to the scpiare inch. 1 argued, th(wfore, that 
since particles of .005 mm. diameter constitute the “clay" fractkm in 
some nuH^ianicaJ analysis systems and since a largi^ ]nirt of soil 
material may consist of much largtu* ])articles, tiuit it should be 
possible to bring to bear on soils by pn^ssuri' ajiparatu'- already in 
existence enough force to separate soil particles from some water, 
even when soils contained relatively small fpiantities of moisture. It 
apjieared to me, moreover, that the large machines used in engineering 
laboratories for testing the strength of materials should be admirably 
adapted to the task of expressing water from soil if suitable containers 
for th(‘ soil ar(‘ employed. With this idea as a basis, T startl'd, m the 
year above mentioned, to expiu’iment first on peat soils with a letter 
press of the old fashioned sort and found that water could be obtained 
witli it from peat containing 40^^ of moisture. I then proceeded to 
have made a special p<‘rf orated brass plate for the bottom of an iron 
casing about 12 inches long and about 6 inches in diameter. A quan- 
tity of clay adobe soil with optimum moisture content was placed in 
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the tube, a plate placed over it and pressure applied in a machine of 
a capacity of 200,000 lbs. to the square inch. About 25 c.c. of liquid 
were thus obtained from eight pounds of soil. The result of this ex- 
periment was unsatisfactory, owing to the small amount of liquid 
obtained from a soil with an optimum moisture content. 1 determined, 
therefore, to use a tube with a much smaller diameter (] to 2 inch(‘s), 
so that the pressure exerted by the machine could be concentrated 
on as small a surface as possible and tlius rendered more efficient. 
When such a tube was made, other diflSculties were encountered. A 
few months latcT, these were surmounted and revis(‘d forms of appa- 
ratus were thus prepared from time to time as other duties pennitled. 
No form of these was satisfactory even though 1 liad demonstrat(*d 
that small amounts of the soil solution could be obtained with some 
of th(‘m. During the last few months, however, 1 have had the privi- 
h^ge of the counsel of Mr. C. T. Wiskocil of the Department of Civil 
Engim‘ering of this university, who has d(‘signed a new form of 
pressure tube for my purposes. Such a tube was made uj) and we 
hav(‘ tried it out, n‘c(mtly, on several occasions with gratifyiiig results. 
In the case of a very fine sandy soil containing an optimum moisture 
percentage (about by weight), nearly two-thirds of the moisture 
was ex[)ressed from sam])les of JU)() to 400 grams of moist soil. In 
the case of a clay loam soil, we were not so succ(‘ssful, but from two 
or three samples of about 800 grams each of such a soil containing 
about 20% of moisture (by weight), W(* obtaiufHl enough of the soil 
solution to make conductivity measurements and, if needed, (luanti- 
tative analyses. Certain difficulties were encountered in ])n‘ssing the 
clay loam soil, which did not obtain in tlie case of the fine sand, but 
th(*se wer(‘ also surmount(‘d by another suggc'stion originating with 
Mr. Wiskocil. Even now we find that our apparatus needs to be 
chang(‘d, or a new one must b(‘ made to stand pressure^ in exc(‘ss of 
5(),()()0 lbs. to tlio sfpiare inch, so that greattu* cfficien(*y in pn\ssing 
clay loams and clays may be attained. Th(‘ detaih‘d descri])tion of 
our a})])aratus, and of the results of conductivity measureimuits and 
analys(\s of tin* solutions ol)tain(‘d ar(‘ r(‘served for d(‘scrii)tion in 
anotluT paper in which due credit will be giv(‘n Mr. W'iskocil and 
Dr. D. D. Waynick for invaluable assistance rendtTed in coniuHition 
with these matters. 

My ])rinci])al object now is to direct tin* attention of my coll(‘agU(‘S 
in soil investigations to the fact tliat, after nearly four years of desul- 
tory (‘ffort, 1 have sueceed(‘d in demonstrating that direct pressure 
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can be used successfully for purposes of obtaining the soil solution 
as it exists in relatively thin films around the soil particles. The pro- 
cedure is rapid, clean, and of high (efficiency. With further improve- 
ments in apparatus which we arc now planning, the method should 
supplant all other methods known today, including even the Morgan 
procedure.^ None of the other methods ar(* really satisfactory and 
even that of IMorgan is laborious and slow, and introduces the factor 
of oil, which complicates and renders it i^xtremely time-consuming 
and untidy. Within r(*c(‘nt months, I have noted in the literature 
that att(‘mpts hav(‘ 1 )(hui mad(^ by Ramann, Miirz, and Bauer- and by 
Van Zyl’^ to use dirc^ct pressure as I have done. The original papers 
detailing the work of tlu‘S(‘ investigations an^ jiot available^ to m(‘, 
however, and 1 am almost (uitirely iji the dark as to the details of 
the m(‘thod and, in one ease, of th(‘ magnitiuh' of the pr(‘ssur(‘s (‘m- 
ployed. The maximum pressure thus far exerted in my method has 
b(‘(‘n ai){)roximately 53,000 n)s. to tin* scpiare inch, whereas Ramann 
and his associate's with a hydraulic press seem to have used only about 
1500 lbs. per S(|uarc inch. Mor('ov(T, if the abstract of their pai)er 
whicii is available to nu' has interpiTted the authors correctly, their 
m(‘thod is only a])plicable to soils made uj) of v(‘ry tint' j)articl('S or 
containing mu<*h organic matter. My ex})('rience lias always been 
that llie coarsest soils ar(' always the (‘asi(‘st to managt' in (‘X])ressing 
wat('r from th(‘m. Indeed, until recently, the fine grained soils, as 
above* intimated, gave me consid«*rabie troubh*, because they would 
creep out of the container in fim* rib))ons, while the ])iTssure was 
being ap])licd. Mr. Wiskocil's sugg(*stion of a thin casing of sand for 
the fine grained loam or clay loam has obviated that difficulty, how- 
even*. I Judge from m> e*xpe‘rie‘nce*, more*over. that Ramann anel his 
<*oworkers must have used very wet soil or tliew could not possibly 
have se‘cui*<*d solutions from the*m at the low pressure mentione'd. The* 
abst]*ae‘t e)f Van ZyPs paper says nothing about the pressure used by 
him and the* manner in which it was ap})lied. The state'ineiit is that 
the* seiil can be “sepie*ezed-’' (Hher compariseins of my medliod with 
the* comparable* one's just discussed wnll be* give*n in a lat(*r j)ape*r. 

Finally, it may not be superfiuous to emphasize the impemtance to 
all soil studi(*s of the proper use* of the* method which 1 have de'seribed 
above. It allows of the direct determination e)f the concentration of 

1 Hoil Science, vol. 3, p. 531 (1917). 

-* tut. Mitteil. Bodenkimde, vol. 6, p. 27 (191()), cited from C’heiii. Abst., vol. 11, 
no. 22, p. 3078 (1917). 

3. Jour. Landw., vol. 04, p. 201 (1910), cited from E. S. K., vol. 30, p. 720. 



134 


University of California Publications in Agricultural Sciences [Vol. 5 


the soil solution, and of the amounts of each of the solutes contained 
therein. It renders possible, further, such studies as will clarify our 
vision with regard to the relations, if any, which obtain between the 
soil solution and soil extracts as ordinarily made. It permits us for 
the first time, so far as I am aware, to obtain quickly and directly 
large portions of the soil solution as it exists naturally under field 
conditions when crops are growing, and thus to correlate these solu- 
tions in all their (pialities with the conditions of the growing crop. 
It may doubtless be the means of throwing much light on the methods 
for making nutrient solutions for growing plants, and probably also 
on many obscure problems in plant physiological pathology. Indeed,, 
the possibilities are many in which the method which I have described 
for obtaining the soil solution can be used to the very gn^at advantage 
of soil and plant studies. 

Trammttted March 8, 1918. 
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Introduction 

A solution of i\ siiijj:lc salt at certain concentrations is toxic to 
])laiits frrown in it. The addition of a second salt nsnally ixTniits of 
jrrowtli superior to that in a solution of a single salt alone even tliongrh 
the addtnl salt is toxic when used by itself. A third salt added may 
permit of a still fnrtluT increase over the jrrowth in tlie two vsalt solu- 
tion. ()th(*r salts add(‘d wili inerea.se or d(‘erease growth, d('pending 
upon the salt used. Qualitative relationsliips only liave been consid- 
ered. "Wlien we adjust the (piantitative relationships of the various 
salts present, having at the same time due regard for their (pialitative 
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nature, we get as a result a solution in which the plant grows and 
functions normally. Such a solution has been termed by Loeb, ‘‘phy- 
siologically balanced. ’ ' 

It is evident that if growth is better in a two salt solution the toxic 
effects of the solution due to a single salt must be lessened by the 
presence of the se(*ond salt. We may refer to either as the second salt 
since (*ither may be toxic alone. On the addition of a third salt the 
in(*rease in growth over that obtained in the two salt solution points 
to a still further lessening of the toxic properties of the various salts 
present taken singly. This action of one or more salts in limiting or 
preventing entirely th(‘ toxic effects of oiu* or more other salts, is 
termed antagonism. Sea water may be taken as an example of a 
physiologically balanced solution or a solution in which the mutual 
antagonism between the constituents of the solution is such as to 
allow of normal growth of numerous organisms. 

Tin* fact of tlu' existiuice of antagonism has been proven by a 
number of inv(‘stigators working in x)lant and animal i)hysiology, but 
the mechanism of antagonistic action is by no means clear. Since 
salts a7*(' very largely ionized in the nutri(‘nt solutions usually em- 
ployed, it is probable that antagonism has to do with ions. Further, 
antagonism will probably take place betwe(ui th<‘ ions j)rcsent in, or 
between, the ionic constituents of the solution, and the living mem- 
brant‘S in contact with the solution. Loeb^ first advanced the theory 
that one ion may prevent the entrance of another ion into living cells 
and that in this property" lies the reason for antagonistic action. On 
the basis of this hypothesis, penetration precedes the manifestations of 
toxic etf<H'ts and when* p(‘netration does not occur, dm* to antagonistic 
action, there are no toxic effects evident. Used in this way, the term 
penetration means simply tin* entrance of ions in great(*r numlM*r than 
would normally occur were the plant cells in their natural environ- 
ment. Exp(‘rim(*ntal (‘videmet* as to tin* correctness of this hypothesis 
has been furnished by Loeb'^ in a very inter(»sting series of experi- 
ments. Osterhout'^ has applit*d the electrical conductivity method 
to the measurement of the penetration of ions into plant tiss\ie, 
while recently Brooks has confirmed Ost<*rhout\s results (1) by d(*ter- 
mining; the diffusion of ions through tissue,'^ (2) by exosmosis,"‘ and 
(3) by the change in the curvature of tissue.^ 

1 Anier. Jour. Physiol., vol. 6 (1902), j). 411. 

- Science, n.s., vol. 36, no. 9,32, j). 637. 

^ Ibid., vol. 35, no. 890, j). 112. 

4Proc. Nut. Acad., Sci., vol. 2 (1916), p. 569. 

T'Amer. Jour. Bot., vol. 3 (1916), p. 483. 
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It is evident that these methods are limited in their application 
and no idea of the quantitativai relationships existing* between 
the ions actually entering the cells. They do show, however, that the 
perm(*ability of the i)lant tissue may be greatly altered by salt action 
and that solutions which permit of normal growth also preserve normal 
permeability as regards the ions present in the solution. 

Oh.jkct of the Investigation 

In a ])relinuiiary paper^ the results obtained from ch(‘micai analy- 
ses of plants grf)wn in toxic and antagonistic solutions have been 
report<*d. Th(‘se results were of interest and the general m(‘thod em- 
l)loy<Ml seemtHl to b(‘ worthy of a more extended application in the 
determination of ions absorbed by plants from solutions, of known 
(‘omposition and eoneentration. From a consideration of the data 
in the ])ai)(‘r r<‘f(‘iT<*d to above*, it was felt that the re*sults obtain(*d in 
a more extensive inve*stigation would be of importance: (1) from 
the standpoint e»f the* <^flpe*et of various salts upon the p(*rme*ability of 
the* ce*ll tissue* e)f gre)wing plants; (2) from that of the e*ff(‘cts of vari- 
ous salts upon the nutrition of plants as evidenced by gre)wth; (3) 
from that e)f a j)e)ssible eorre*lation of growth with the absorjdion of 
ions; and (4) fre>m the* stand])oint of tlie* quantitative relationships 
t‘xistiiig lu*twe*(*n e*e*rtaiu ie)ns of the solutiem and the same ionic rela- 
tionships in tile* ])lant. 

The* varieuis j)has(*s of the j)re)blem as outliiUHl abewe will be e*oii- 
side*re*d in the* elise'iissiem eif tlie (*xperiTne*ntal n*sults fedleiwing. 

KeVIEW of PrEVIOFS iNVESTKiATleiNS 

It is not inte*iide‘d that tlie* following re*vie*w of the pre*vious work 
eleaie* in this tielel of plant physioleigy be exhaustive. RobertseuP has 
re‘vie‘we‘(l the* literature* dealing with antagonistic salt action ve'ry 
e»omj)lctely up to a recent date. Brencliley** and Li])nian and (lericke’^’ 
have re‘fe*rred to all the* impeuiant work done* with regard to the* 
etfeeds of the salts of the heavy me‘tals u])on plants. The prevseiit 
revde*w th(‘refore* touche*s einly the work be*aring dire*clly upem the 

IbuL, {>. 

" Foiitribntioii to the causeN of antagonism betwetMi ions. (VniN. 
blaster’s thesis, 191 5.) 

« Krgeb. Physiol. Jahrb., vol. 10 (1910), ]>. 216. 

Inorganic plant poisons and stimulants. New York, Putnam, 1915 (Cam* 
bridge agricultural monographs). 

i‘*Univ. Calif. Publ. Agr. Sci., vol. 1 (1917), ]>. 495. 
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pre>sent problem or work so recent as not to be included in the papers 
cited above. • 

A large share of the contribution to the experimental evidence in 
regard to antagonism betwec'ii salts r('gards plants we ow(' to Oster- 
hout. In a series of papers he has shown that any salt may be toxic 
to plants when used alone in solution at C(‘rtain concentrations and 
further that the addition of a second salt may, in proper concentra- 
tion, modify or (eliminate entirely tin' toxic effect of the first salt, lie 
has shown further that acids, alkalies, and various organic compounds 
may likewise be toxic to plants and that tluur toxic (‘ff(‘cts may be 
modified by the presence of a variety of compoinuls, (lei)eiiding upon 
the toxic substance employed. By measuring th(‘ resistanc(‘ of cylin- 
ders of Laminaria in solutions of one salt and in solulions containing 
two or more salts, he has brought forward mu(*h evidence as to th(‘ 
penetration of ions into plant cells. While this nu'thod has yi(‘lded 
very valuai»le results both as to the rate of (‘iitrance of ions and also 
the total number of ions penetrating, it does not yield results which 
give us a knowledge of the relative amo\uits of the various ions which 
penetrate the tissue when the <jualitative as well as the (puiJititative 
relationships of tin* nutrient solutioji an* varied. Ost(*rhout has 
shown, however, tliat [)enetration is more rapid, and tin* degree of 
permeability is gn‘atly incr(*ased, in unbalanced solutions and furth(‘r 
that as the permeability of the plant tissue more JU‘arly approacli(‘s 
normal the growth of the plant is also more nearly normal. 

Szucs^^ has used Cucurbita p( po as an indicator by immersing the 
young seedlings iji various solutions for varying p(*riods of time and 
counting those still able to sliow geotroj)ic movement wh(‘n j)laced in a 
horizontal pcjsition in a moist chamber. IL* found a marked antagon- 
ism l)etween copper suli)hate and aluminum chloride and concludes 
from his experiments that antagoni.sni consists in the* mutual hin- 
dranc(* of similarly cliarg(*d ions in ent<*ring tin* cell, lb* stat(*s 
further that the rate of absorptio?i of e(iually charged ions is of great 
im])ortan(*(‘. llis chemical methods an* oj)(*n to (pu’stion, for iti th<* 
experiments re])orted the test for copper used was that of boiling the 
roots «aid t(*sting the resulting solution for copp(*r with hydrogen 
sul])hide. 

By analyzing the solution in which pea seedlings had grown, Pan- 
telli^- has determined ion absor])tion. The growing period was short. 

n Jalirb. Wiss. But. (Prin^heim), vol. r)2, no. 1 (1912), p. 85. 

12 Jhid., p. 211. 



Wa\jn\rk: Anlaffonism and Cell Perm vahility 131) 

IIo found a rapi(i al)S()rj)1i()n of ziiip, inan^aii(‘S(‘, iron, and aluminum, 
but the total amounts taken u]) were small, lie ^ives other evidenee 
of the seh'ctive absorption of various other ions from sf^hitions, ])ut 
these* results are of not direet applieation lu*re. It is of intere'st to 
note, however, that lu* iouiid a direet relation between time and ion 
absorption, llis most important eonelusion, whieh bears direetly u})on 
the problem in hand, is tliat strong narcosis was associated with the 
pemd ration of ions in larj?e numbers. 

Sehn*in<‘r and Skinm^r,’ * usinj^ a similar imdhod, have determined 
the amounts of |)hosph()ric acid, nitrates, and potassium remaining in 
a solution in whh'li ])laiits had b<*en j^rown. Various ratios of lhi‘se 
thn*e ions W(*re employed, the total eoneenfration being 80 parts ])er 
million. Tli(*y found widi^ly varying amounts of these three ions 
n‘mov<*d from the solution, and further there seemed to be a ])ossible 
ditV(‘r(*n(*(‘ of 20 to 20 ])(*r <*(‘nl in the removal of any one witliout 
an api)arent (‘(feet upon the growth of the plants. Tiider the condi- 
tions re])ort(‘d by them in(*r(‘ased growth was correlated with iner(*ased 
absorption. 

l>y means of (‘ondiU't ivity measurements of solutions in whieh p(*a 
seedlings were growing. True and Bartlett”' have determined 

tin* rat<* of absorjdion and of (‘X(*r(‘tion of eh'ctrolytes. Their work 
was done with oin*, two and three* salt solutions. In g(‘neral they 
found a greater absoi'ption when a mixture* of salts was pr(*s(*nt than 
wlu'n single* salts we*re used. Further, the absorption relatiemships 
of salts with a e'ommon katioii seem to be similar. For example, from 
se)lutie>ns of leiw eonee*ntrations, potassium chloride, potassium sul- 
])]iate, and potassium nitrate* are not r(‘moved, but on the* e)the*r hand 
there is an t*\e*r(*tie)n of eleH'ti'oiytes by the plant. In dire*et e-eintrast. 
calcium nitrate and e*ale*iuiu .suljihate are re*me)Ve*d from tiu*ir solu- 
tions in t*v(‘ry concentration emiihned and no excr(‘tion of eleedro- 
lyte-s from the* jilants cenild be de*teeted. It s(‘e*ms probable that the 
low (*oneeid!*ation em[)le)yed by themi acted as a limiting factor in 
some* e*ase's. 

In a rece'ut jiaper Breazeale” luis slmwn that the ])resence of 
sodium carbonate*, and sodium sulphate*, wdu*n used in eoncentrations 
of lOOO parts per million in nutrient solutions, decreased the absorp- 

""I'l Hot. Oil/., vol. oO (1010), p. 1. 

i^Amer. »Ioiir. Itot., vol. 2 (Unr)), p. 2o,'). 

IS ibni, p. :m. 

iee/?;ir/., vol. 3 (11)15), j). 47. 

Jour. Agr. !{pst*arch, vol. 7 (1916), p. 407. 
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tion of potassium and phosphoric acid as much as 70 per cent below 
that of the control cultures. 

The work of Gile^® is of interest in this connection. Prom ash 
analyses obtained in investigating the cause of chlorosis in pineapples, 
he found a direct relationship between the absorption of lime and 
that of iron ; that is, when the absorption of lime was high but little 
iron was taken up. In soil studies Gile and Ageton^® found no direct 
relation between the lime content of plants and varying amounts of 
lime and magnesia in the soil. 

A few investigations have been made on the absorption of specific 
elements from solution, but these need only be mentioned in the 
present connection. Maquenne^^* found that mercuric cliloride causes 
marked increase in permeability of the protoplasm, although it is not 
necessarily absorbed itself in any considerable quantities. Marsli*^^ 
correlates the amount of barium chloride prc^sent in the soil with 
that found in the plant. Colin and De Rufz^“ always found absorbed 
barium localized in tlu* roots. 

A large number of analyses of plants grown under various condi- 
tions have been reported, but the environmental factors have varied 
so greatly as to render the results obtained of little value in the 
present study. 

From this review it is evident that no quantitative study of the 
elements actually absorbed from the nutrient solutions, balanced and 
unbalanced, has been made with the idea in mind of a correlation 
between the absorption of the various ions with their antagonistic 
or toxic effects in solution cultures. 

Methods 

Barley was used as the plant indicator. The seeds were obtained 
from the University Farm at Davis and were of a pun^ strain of th(‘ 
Beldi variety. The method of sprouting the seeds, while simple, has 
not been noted elsewhere and has given such excellent r(‘sults, both to 
the writer and to othens, that it seems wortliy of mention here in 
detail. A xncce of oilcloth about 12x18 inches was covered with sev- 
eral thicknesses of paper toweling and the whole thoroughly wetted. 

Porto Rico Exp. Sta. Bull., 11 (1011). 

10 Ibid., Bull. 16 (1014). 

20C.-R. Acad. Sci. (Paris), vol. 123 (1896), p. 898. 

-MBot. Oaz., vol. r>4 (1012), p. 250. 

22C.-R. Acad. Sci. (Paris), vol. 150 (1910), p, 1074. 
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Selected seeds were distributed over the toweling so that about two 
hundred were placed on an area of the size indicated above. Another 
layer, made up of several sheets of toweling, was then laid on the 
seeds and the whole thoroughly soaked with water. The water was 
allowed to evaporate gradually until the paper was but slightly moist 
to the touch and the water relation then maintained constant until 
the seedlings were transferred to the solutions. If the paper Ls kept 
too moist the growth of molds is often very abundant, but with a low 
moisture content no trouble was experienced from this source*. By the 
time the rewts were a quarter of an inch long, the upper layer of 
paper was supported two or three inches above the seedlings. This 
procedure permits of a straight growth of the shoots, which is of con- 
siderable importance in placing the seedlings in the corks. The seed- 
lings were transferred when the shoots were about an inch and a half 
in length. The paper in which the roots are grown, tears apart readily 
without injuring them in any way, the oilcloth not permitting their 
dovuiward p(*netration. There is no contact with metal containers 
at any time, the apparatus required is practically nothing, the tune 
period is short — about six days under greenhouse conditions — and 
strong seedlings an* obtained which can be transferred to any contain- 
ers without injury. 

The containers used were quart jars of the Mason type, each 
holding approximat(‘ly 950 c.c. of .solution. The inside of each jar, 
as well as that of the bottles for the stock solutions, was coated with 
a layer of ])araffin so that the solutions were never in contact with the 
glass. The outside of the jar was covered with black paper to exclude 
light, th(* black surface facing the glass. Flat corks, having a diam- 
eter of three and a half inches, were used to suppoil: tin* seedlings. 
Each cork had sev(*n hol(*s, one in the ci*nter through which distilled 
water was added to maintain the volume of the solution as nearly 
constant as possible, and six equally spaced, one and a quarter 
inches from the center, for holding the seedlings. After the holes 
were made the corks W(*re soaked in boiling paraffin. 

To introduce the seedlings the corks were turned upside down, 
supported by the rim of the jar, and the slioots stuck through the 
holes prepared for them and held in place by a small piece of cotton. 
On turning the corks over the seedlings were in their proper position 
without being in the least injured, for there was no necessity for 
touching the roots at any stage since the plant was always picked up 
by the seed coat. The method suggested by Tottingham-' was tried, 
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but the one outlined above proved very satisfactory and much 
simpler. 

The basic nutrient solution used throughout was Shivers three 
salt nutrient^^ containing the following salts in the given partial 
molecular concentrations : 

K H 2 PO, 0180 M. 

Ca (NOJ, 0052 M. 

MgSOi 0150 M. 

The stock solution was made up to twice the strength indicated 
above and diluted as necessary by the addition of added salt solution, 
or distilled water, or both. 

In the case of the chlorides used, viz., calcium, magnesium and 
potassium, normal or twice normal solutions were prepar(*d and 
standardized by titrating against a standard silver nitrate solution. 
Normal solutions of magnesium and potassium sulphati* were stand- 
ardized by weighing the barium sulphate precipitate. Solutions of 
copper, zinc, iron, and nuTCury salts were prepared in conc<‘nt rat ions 
of 1000 parts per million by weighing out the carefully dried salts. 

The final volumt* of solution recpiired for tlie duplicate jars was 
approximately two thousand cubic centirnenters. Starting with a 
thousand of the nutriimt s()lution, various volumes of the standard 
solutions were added so that when the total volume was made u]) to 
two liters with distilled water, the concentrations of the various salts 
would be those reported in the accompanying tables. 

The growing period was six weeks. The duplicate cultures wert‘ 
grown in specially constructed mouse-premf cages each holding ninety 
jars. The tops of the cagi's were open and the sides made of coarse 
wire screening. The diflferent parts of the (‘ages were efjually well 
lighted, as shown by the nearly (*(iual growth of the controls in dif- 
ferent parts of the cages. When necessary the plants were supported 
by cords strung across from side to side of tin* cag(‘s. 

The solutions were not changed during the growing period, but 
the volumes W(W kept as nearly constant as possible by adding dis- 
tilled water. There are objections to this method, as there are objec- 
tions to the method of using water cultures at all. The growth was 
found to be very satisfactory and compares favorably with the growth 

28 Physiol. Kesearc^hes, no. 4 (1915), p. 174. 

24 Amer. Jour. Bot., vol. 2 (1915), p. 157. 
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obtainf^d by other investigators in comparable periods of time. A 
further discussion of this point will be taken up below. 

At the expiration of the six weeks growing period the plants 
were removed from the corks, the roots rinsed thoroughly with dis- 
til h‘d water, placed between layers of paper toweling, dried in the 
oven at 10()''-105?C, roots and tops separated, weighed, and placed 
in envelope's ready for analysis. For analysis the roots from dupli- 
cate cultures were combined unless the dry weight was sufficient to 
allow of sc^parate analysis. 

Total ash was (let(Tinined after direct ignition of the dry material 
ill a muffle at a low red heat until no trace of carbon remained. The 
ash was then taken up in dilute hydrochloric acid and evaporated 

to dryness to remove possible contamination with silica. Iron was 

N 

precipitated as the hydroxide with ammonia and titrated with — — 


potassium p(‘rmanganate after reduction with zinc and sulphuric acid. 
This det<*rmination was made because of the relation Gile has shown 
to exist b(*tween calcium and iron absorption by plants. Calcium 


was precipitated as oxalate and titrated with potassium perman- 


gaiiate. Tlio double precipitation of the oxalate assured freedom 
from mafrnesium contamination. Mafjiu'sium was ])recipitated b,A 
ammonium pliospliate and wei<rlied as the pyrophosidiate. Pota-ssium, 
where determined, was precipitated and weifj:hed as the ehloroplati- 
nate. Copper was d(‘terniined eolorometrieally by using the ferro- 
eyanid<' methotl. Th(> amount of material available precluded the 
])ossibility of a more eomi)lete analysis than was made if anj degiee 
of aeeuraey was df'sired. For example, in Series vii, the weight of 
the ash varied from 12 to 2:i:? milligrams in the ease of the roots and 
from 32 to 1S3 milligrams in the ease of the tojis. Whih* these varia- 
tions are not extreme, they are fairly representative. The values of 
these elements actually determined cannot be taken as absolute in 
every ease because of the limited amounts of material available, but 
the significant differences are so great as to make a small variation 


in this regard of minor importance. 

The strength of all .solutions is uniformly exjiressed in terms of 
molecular eoneentrations since this mod.' of expression has been 
(piite generally used in experimental work reported by diff.'rent 
investigators. 

Under experimental ri'sults twenty-six series are reported. A 
series, as used in the present work, may be defined as a number of 



144 University of California Publications in Agricultural Sciences [Vol. 3 

duplicate cultures containing one salt in varying concentrations in 
each, or one salt constant and varying concentrations of a second salt. 
In some instan(*es both salts varied but only in concentration, the 
same ratias being maintained. These are few. The number of con- 
centrations reported vary from three to fourteen in a series, depend- 
ing upon the salt used. Before two salts were taken together, the 
effects of each separately upon the plants were determined. Usually 
this meant only the establishment of the toxic limits of the salts em- 
ployed when used in the nutrient solution. Several series of this kind 
are not reported here, as no analytical work was done upon them. 

Calcium and magnesium salts were used to a large extent because 
of the fact that their kations can be determined with less experi- 
mental error than most other nutrient salts where the small amounts 
of material dealt with here are considered; also it was of interest 
to determine whether or not there is a lime-magnesia ratio for plants 
grown under carefully controlled conditions. Copper, zinc, iron, and 
mercury salts were used because of the fact that their toxic and antag- 
onistic effects have not been previously determhu^d as regards absorp- 
tion. Potassium chloride was the only monovalent salt used. 

A longer growing period than has usually been em])loyed was com 
sidered important. IVlcGowan,^'* in conducting experiments in pure 
solutions of sodium, potassium and calcium chlorides, found growth 
better in the first two at the end of six days, but far superior in a 
solution of calcium chloride in twenty-five days. In a qualitative way 
the same relationships were observed in the present investigation. It 
seems reasonable to assume that the results obtained in six weeks with 
j)lants are more nearly rex)resentative of the true effect of various 
solutions than tho.se obtained in twH) or three day periods or even in 
three w'cek periods. But it is not assumed that the re4sults herein 
reported are the same as those wdiich might be obtained wen* the 
I)lants grown to maturity. It is hoped that more data may bt* pre- 
sented shortly on this point. 

In the following section, in which the experimental results are 
given, the time factor and the basic nutrient solutions are constants. 

Experimental Data 

All analyses are reported as percentages of the dry weights of the 
plants. To make the re.siilts obtained as clear as possible, graphs and 
photographs have been used throughout as well as the tablets giving 
the a(*tual ])ereentage composition of the plants. 


Ga/, vol. 4.3 (1908), p. 4.3. 



3918] 


Wayniclc: Antagontsm and Cell Permeability 


145 


The relationships of calcium to magnesium salts are reported in 
the first seven tables. For a review of the more important literature 
bearing directly upon the relationships of the salts to these two ele- 
ments reference is made to McCool,^® who has considered these in 
some detail, and to a recent critical survey of the lime-magnesia ratio 
hypothesis by Lipman.^^ 

As is evident from table 1, calcium chloride does not become toxic 
until present in concentration of over .24 j\I. Up to and including 
this concentration the growth seems to be but little affected by the 
increasing concentrations of the salt added. The percentage of cal- 
cium in the plants shows no direct increase with increasing concen- 
tration of calcium chloride in the solution. The lowest percentage of 
calcium given occurs in a concentration of .20 M. calcium chloride. 

In table 2 there is a close parallelism between the growth of roots 
and tops. Two low points on the dry weight graph are evident, the 
first occurring at cultures 4 and 5 and the second from 7 to 11. At 
these low points we have a high percentage of magnesium in both 
roots and tops, but of calcium only in the second low point. Calcium 
is low where growth is good in cultures 2 and 8. But the most inter- 
(*siing feature is the decreased absorption of both elements at cul- 
ture (), wliere there is a distinct increase in dry weight. Iron was 
not present in sufficient concentration to allow of titration until cul- 
ture 11 is rea(*hed. It may be stated here that the iron determined is 
limited to that in the seed as a maximum, for it was purposely ex- 
cludtHl from the solutions except where its toxic or antagonistic action 
was under observation. In many instances the titration of this residual 
iron is of interest. 

Table 8 is a record of one of the most interesting and significant 
series reported. The root growth was so limited in nearly every cul- 
ture that no attempt was made to segregate roots from tops for sep- 
arate determinations except where the total dry weight was so greatly 
increa.sed as in cnlturt's 6 and 11. In the first place vve have double 
maxima of growth, the first in cultun* 6 and the s(*cond in 11. The 
total dry weight at culture 11 is twice that at H, but the dry weight 
in culture 6 amoiuits to a 35 per cent incr(‘ase over that in culture 7. 
A direct inverse relationshij) is showm betwwn total grow’th and ab- 
sorption at these tw'o high points; the maximum grow^th in culture 11 is 
ac(*ompanied by the lowest absorption of calcium and magnesium. 
The percentage of magnesium is low^ in culture 6, but that of calcium 

-’«rorne]l Univ. Agr. Kxp. Sta. Mem. 2 (1013), ]>. 127. 

27 mant world, vol. 19 (lOlfi), p. 83. 
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is higher than in the cultures of slightly higher or lower concentra- 
tions. No explanation of the narrow ratio between these two ele- 
ments at this point can be offered. It is of interest to note the very 
great increase in the amounts of calcium and magnesium found in 
the plants grown in concentrations of .20 M. calcium chloride alone. 
While magnesium chloride is constant throughout the series, the 
amount of magnesium does not increase proportionately to that of 
calcium. 

A still higher concentration of magnesium chloride was used in 
the series reported in table 4. The pcTcentage of magnesium found 
in the roots is very liigh and would indicate that it was not entirely 
removed from the roots by washing. In general the percentages of 
(‘alcium and magnesium found are high, the (*alcium content increas- 
ing as the concentration of calcium chloride presemt in the culture, 
but not proportionately. Magnesium is lower at the greater dr\ 
weights for the tops, the decrease amounting to 50 per cent in the cas(‘ 
of culture 6. 

^lagnesium sulphate was used alone in the series reported in 
table 5. The decn'ase in growth is nearly i)roportional to the increase^ 
in coiKH'utration of the added salt. In this series m’c have a very 
marked d('cr(^ase in the percentages of calcium and magnesium pr<*sent 
in tlie roots without any evident effect upon the growth of the plants, 
especo*alIy that of the tops. Here again, howeveu*. we have increased 
absorption of calcium as the percentage of magnesium increases, 
even though the concentralion of the former in the nutrient solution 
is constant. It is of inter(‘st to note that the percentages of both (‘h*- 
ments in the tops throughout this series are low and vary hut little, 
regardless of the increasing concentration of the nutrient solution. 

Very marked antagonism betwwn calcium chloride and magnesium 
sulphate is shown in table 6. The dry weight of the plants grown in a 
solution of magnesium sulphate .18 M. concentration was .29 gram, 
but when .04 M. concentration of calcium chloride was added the aver- 
age dr>" weight was 1.20 grams and in a concentration of .18 M. 
magnesium sulphate and .24 M. calcium chloride tht‘ average dry 
weight was .98 gram. Between these two conc(*ntrations of calcium 
chloride the dry weights recorded are uniformly high. Correlated 
with the rapid decrease in growth, in concentrations of .24 M. of cal- 
cium chloride, is the marked increase in the percentage of both calcium 
and magnesium found in the plants. The graphs representing the 
amounts of these elements found crosses the growth graph coincident 
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with its sharp decline. The low percentage of magnesium is of interest 
since the concentration of the culture solution was uniformly high 
with respect to this ion. 

It is striking that there is a marked decrease in the growth of roots 
at the concentration which gave the best growth of tops, and further 
that the percentage of calcium in the tops and magnesium in the 
roots parallel this decrease in the growth of the roots. A comparison 
of the results obtained with magnesium sulphate as against those with 
magnesium chloride is reserved for later discussion. 

In table 7 we hav(» an opportunity to compare indirectly anion 
cflFeets, or possil)ly the effects of combinations of the same kation with 
different anions. From preliminary results it seemed advisable to use 
.15 M. magnesium sulphate in this series instead of .18 M. as used in 
the preceding series, so that the concentration of magnesium ion is 
not equivalent in tlie two series. A solution containing magnesium 
sulphate .15 ^I. ])his calcium nitrate .08 Jl. proved highly toxic, while 
a solution (‘ontaining <‘alcium chloride of the same concentration as 
the nitrate in the above solution supported normal growth. It is 
possible that the difference is due to the toxic action of tlie nitrate ion 
on the plant directly. Tottingham has shown that the total ionization 
of a nutrient solution was decreased 10 ]>er cent below tin* theoreti(*al 
by the addition of calcium nitrate in low concentrations. It is pos- 
sible that the ionizatiem of some other salt is repreased so that there 
is an actual lai’k of some ion necessary for growth. The ])erccntage 
of calcium f(»und was not higli enough in any case to account for the 
toxic (‘ffei'ts shown. Magnesium was found in extremely large 
amounts, !).20 per cent in the case of culture (>. the largest percentage 
record(Hi in any (uilture studied. Unfortunately the series in which 
t!u‘ toxic effects of calcium nitrate alone were studied was lost, so it 
cannot be reported here. 

Potassium chloride was the only monovalont salt studied, and the 
results are given in tables 8 and 9. The growth shown in the various 
concentrations of potassium chloride used uas approximately the 
sam(‘ as that found when magnesium sulphate was used alone. The 
increase in the percentage of ash, as far as the tops are* concerned in 
table S is very striking. The percentage of calcium found in the tops 
and of magnesium found in the roots remains practically constant 
throughout. The amount of pohussium absorbed increases as the con- 
centration of potassium chloride in the solution increases and in- 
versely as the growth of the plants. The toxic effects due to the 
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addition of potassium chloride to the solution are much more evident 
in the tops than in the roots with respect to the increasing concen- 
trations of potassium chloride. « 

Using a constant concentration of potassium chloride of .18 M., 
which is an increase of .02 M. over the highest concentration of that 
salt reported in table 8, against var^dng concentrations of magnesium 
sulphate, the results reported in table 9 were obtained. There is a 
marked increase in total ash as the concentration of the nutrient solu- 
tion with respect to magnesium sulphate increases. Parallel with this 
increase is the higher percentage of potassium. The growth decreases 
inversely. Antagonism between the two salts is evident where the 
lower concentrations of magnesium sulphate were used. In cultures 2 
and 4 of this series, we have a marked increase in growth over that of 
(‘ulture 3. Absorption is markedly lower at the two high points than 
at the intermediate concentration, where the solution is evidently 
more toxic. The least growth obtained in the series was recorded in 
culture 7, which shows the highest absorption of all the elements 
determined. In the two higher concentrations/)! magnesium sulphate 
used the growth was increased somewhat while the percentage of cal- 
cium, magnesium, and potassium in the plants decreased markedly. 
It seems worthy of note that the amount of iron in the ash was not 
suiBcient to allow of titration at any concentration employed in the 
series. This series very well illustrates the I)oint which has been 
brought out a number of times before of the relationship between 
absorption and growth. Here we have five cultures in the one series 
of which this relationship is evident. The relations are not absolute 
in every instance, but there can be no doubt whatever of the tendency 
toward decreased absorption as growth increases, or that antagonism 
between ions results in decreased absorption of at least some of the 
ions present in the nutrient solution. 

We turn now to a consideration of the effects of a few of the salts 
of the heavy metals upon growth and absorption. In table 10 the 
effects of adding various concentrations of aluminum chloride are 
shown. Growth is decreased in every concentration of the salt used. 
The high percentage of magnesium is marked in both roots and tops. 
On the other hand, the percentage of calcium is increased relatively 
little. The percentage of iron found was practically constant and in 
total quantity is in marked contrast to the last series considered in 
which the amount was so small that it could not be determined. 

In a solution of .20 M. calcium chloride, the results with the vary- 
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ing coiicentratiouK of aluminum chloride are shown in table 11. In 
general the toxic effects of the two salts seem to be additivef that is, 
the growth in this series in whi^^h two salts are present together is 
less than in the preceding series where aluminum chloride was used 
alone. The decrease is not great from the standpoint of total weight, 
but ])roportionately is very considerable, amounting to from 33 i)er 
cent to 100 per cent in the various concentrations employed. The 
per(*entage of magnesium in the tw'O series is about the same. The 
amount of cahdum absorbed, on the other hand, is increased over 300 
per cent and reniains constant throughout. The total absorption with 
respect to calcium and magnesium, at least, is uniformly high. This 
fact is reflected in the increa.s(‘ in the percentage of ash over that of 
the control. In the next series all factors are the same except that 
magnesium (*hloride was used instead of calcium chloride, there being 
no difference whatever in partial or total concentration. The antag- 
onism shown between magnesium chloride and aluminum chloride in 
culture 4 is very marked, and correlated with the increased growth is 
the marked decrease in the ]>ercentage of both magnesium and cal- 
cium found in tops and roots. The percentage of magnesium found 
in the plants is not proportional to the concentration in the solution 
as was true witli calcium chloride. An interesting case of the in- 
creased absori)tion of one element with a decrease in the other is well 
illustrated in the case of culture 6 of this series. Such a relationship 
has be(‘n noted previously, but is apparently of no dire(*t importance 
from the standpoint of growdh. 

Ferric (diloride, a second trivalent salt, wiis used in the nutrient 
solution in the con<*entration shown in table 13. In the concentration 
employed, growth is nearly normal and absorption is very nearly the 
same* as with plants in the control cultures, except in the ease of cal- 
(uiirn. The decrease in some instances in the j)ereentage of calcium 
found, as iron increases in the nutrient solution, is notable, and will 
be referred to later in connection wdth the action of ferric and zinc 
sulphates. 

The effects of adding .20 AI. calcium chloride, together with vari- 
ous concentrations of ferric chloride, arc given in table 14. The 
grow’th of roots and top parallel each other closely. Alarked toxic 
effects are evident in certain combinations as in cultures 3 and 7. 
The percentage of calcium found in both roots and tops is high in 
plants grown in the same cultures. The magnesium present in 
the tops show's the same relationships as the calcium, although the 
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amount absorbed varies but little from that of the control. In the 
roots magnesium is present in large amount when growth is low in 
culture 2, but in succeeding cultures the percentage found falls off 
sharply and remains abnormally low without any relation to growth 
or concentration of the solution. The percentage of iron is high in 
cultures 6 and 7, in which the weight of the plants was small. 

Substituting magnesium chloride in equivalent concentration for 
the calcium chloride used in the preceding series, the results are of a 
very different ordcT from those in table 15. The absolute growth of 
the toi)s is greater than in series 14. Root growth does not parallel 
the growth of the tops. The toxicity of the solution is scarcely evident 
at some concentrations while markedly incn'ased at others. Absorp- 
tion, with the exception of the magnesium in the roots, is usually low, 
amounting to about that of the control, but the percentages of calcium 
and magnesium found bear no apparent relation to the differences in 
gro^vth. Iron, however, shows the inverse r(*lation aln^ady noted in 
many other series with calcium and magnesium, that is, high ])ereent- 
age pn^sent when growth is low, and vice versa. The toxic and antag- 
onistic effects as well may be due in this instance to the ferric ion, but 
this statement is by no m(*ans indisjnitable. 

In several tables following, the eff(‘ets of copper salts are given. 
Previously copper salts have been shown to be highly toxic to ])lants 
as well as to a wide variety of vegetative forms. That they may also 
be stimulating has been shown recently by Forbes-^ using solution 
cultures, and by Lipman and Gericke*® in soil cidtures. Tlu^ r(*ad(T is 
referred to the latter paper for an extensive review of the subji^ct. 

The results with copper chloride are reported in table lb. (lro\Nth, 
especially that of the roots, was limited in every <‘on(*ent ration re- 
ported. In fact, the growth of the roots was so limittsl that th(*ir 
weights are not given. There is a suggestion of antagoni.stic acdion 
between the nutrient solution and copper chloride in cultures and 5. 
The percentage of magnesium found is high wh(»re growth is low. 
The same is not true of calcium, the percentage of which is h»w and 
decreases as growth decrease's to a certain extent. A trace of co])per 
was lound in every case and appreciable amounts had iienetratc'd 
the j)lant tissue at the two higher concentrations. When ferric* 
chloride is added together with copper chloride marked antagonism is 
shown. Table 17 will make this effect evident. In this series, as in 

28 TTniv. Calif. Publ. Agr. Sci., vol. 1 (1917), p. 395. 

20 Ibid,, p. 495. 
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several following, the concentrations of both salts added increase, that 
is, both increasing but bearing the same ratio between the two. 
There is an increase of approximately 100 per cent in the dry weight 
of culture 2 over cultures 1 and 3. The low absorption of culture 2 
as related to 3 and 3 is evident. There is a marked decrease in the 
percentages of calcium and magnesium found in th(* plants grown in 
culture 5, in whicdi the dry weight of the plants was also low. At this 
second point, however, iron and cop])cr were found in larger amounts 
than at any other concentration u.sed. As in the previous series the 
percentage of calcium in the tops does not seem to parallel that in the 
roots or of magnesium in cither roots or tops. A similar relationship 
was brought out in the previous series in which cox)per chloride alone 
was used. No a])parent precipitation took place upon the addition of 
iron in the concentrations given, but a precipitate composed of ferric 
phosphate was pn^scait at the time of harv(‘sting. It is j)ossible that 
double salts of copper or iron with calcium or magnesium and, for 
instance, the phosi)hat(* ion were formed at the higher concentrations. 
Th(*ir complexes may not be taken up by the plants and h(*nc(* actual 
staiwation as far as these elements are concerned, may be responsible 
for the low amounts found in the plants. Such a condition contrasts 
dire<‘tl\ with oiu* in which th(*re is low permeability due to antagonistic 
effects l)(dw(M*n tlu* ions in the solution. 

Ill table 18 imu'curic* chloride was used with copper chloridi*. since 
it \^a^ desinnl to determim* the effects produced by the addition of 
two highly ti)xic salts to the nutrient solution. The results with mer- 
curic chloride alorn* an‘ given in table 21). They are somewhat irregu- 
lar, but there can be no doubt of the correlation between the quanti- 
tative prestuKM* of calcium and magnesium in the tops, of magnesium 
in th(‘ roots, and gro\^th. There is evidence of a distinct antagonistic 
a(dion between copjier and mercuric chlorides both from the stand- 
point of growth and that of absorption. The root growth was very 
limit(‘d. The per(*entag(‘ of calcium and magnesium in the roots was 
very high; high enough to account for the decreased growth by itself 
if we use th(‘ results of other series in interpreting this one. Not 
miongh iron was present in any culture to permit of its determination. 

Considering th(‘ most common salt of copper used in solution cul- 
tures and soil work, the results as given in table 10 are especially 
noteworthy. The concentrations of the sulphate used are low. Dis- 
tinct evidence of the toxic effects of the salt, together with only slight 
decrease in growth in culture 4 of the series is shown. High percent- 
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ages of calcium and magnesium accompany low growth ; low percent- 
ages of calcium and magnesium go with much increased growth. No 
iron could be quantitatively determined in cultures 8 and 9. The 
copper content shows no variations which may be regarded as impor- 
tant, in fact the amount taken up by the plants is somewhat lower 
where decreased growth is shown. 

Zinc sulphate was used with copper sulphate as shown in table 20. 
There is little evidence of antagonism between the two salts. At the 
same time there is evidently no direct relationship between concen- 
tration and toxic eflFect, since growth does not decrease regularly with 
increasing concentration. While the percentages of calcium and mag- 
nesium found are somewhat irregular, they increase rapidly as growth 
becomes less. The percentage of magnesium found in the tops in 
culture 8 was 1.10 per cent, and in the roots 1.91 per cent. This 
occurred \\ith the same concentration of the magnesium ion in the 
nutrient as in culture 1. The percentage of copi)er found in the dry 
matter is distinctly larger than that found in the preceding series, in 
which copper sulphate alone was used. 

Copper sulphate used with ferric sulphate shows no evidence of 
antagonism betw(*en the two if the growth of the tops alone is con- 
sidered, but with the roots there is a marked increase in growth in 
cultures 3 and 4 of the series. The percentages of magnesium found 
in the roots is low and constant, which contrasts niarkedly with the 
amounts determined in the previous series. The calcium likewise 
varies but little in the tops and its percentage remains low. On the 
other hand, the percentages of calcium in the tops and magnesium in 
th(^ roots show marked increases as growth decTcases. The amount 
of iron remains very uniform until the last culture of the series is 
reached, when a marked increase is recorded. It will be noted that the 
per(*entage of calcium decreases to nearly one-third of the original in 
the same culture. This relation has been noted previously in other 
.series. 

The stimulation resulting from the addition of ferric sulphate to 
the nutrient solution in the concentrations given in table 22 is remark- 
able, a total dry weight of 3.9016 grams for the tops of six plants 
being recorded. The growth of the roots does not parallel that of 
the toj)s. Tn tlie highest concentration of ferric sulphate emx)loyed, 
the root growth decreased while the growth of the tops was increased. 
Attention has alr^ ady been called to cases of this kind in which 
there may be an increase in the growth of tops with a decrease in 
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the root growth, or vice versa. As will be noted, the percentages 
of calcium and magnesium found are low, in fact below the control 
in every case. Whether or not ferric sulphate would be stimulating 
in still higher concentrations is not known, but it is probable that the 
limit of stimulation was reached, since the roots show a marked de- 
crease in growth in the highest concentration used. The percentage 
of iron found is comparatively high. The reason for this increased 
growth is evidently bound up with the presence of the ferric salt, 
but no idea of the nature of its action can be given. It is very evi- 
dent from the present data, however, that the amounts of the elements 
present in the plants were low. 

In table 23 the results with zinc sulphate alone are reported. 
There is no stimulation or no antagonism between zinc sulphate and 
the other constituents of the solution evident in any concentration. 
As growth (lecrea.ses magnesium was found present in larger amounts 
than in the cultures in which growth was more nearly normal. The 
percentag<‘ of cahuurn remains very much the same in the tops and 
(lecn^ases rapidly in the roots with decreasing growth. Here we have 
a suggestion of a relationship between zinc and calcium as has already 
been referred to in the case of iron. It can only be stated, however, 
that the results as regards calcium ])cnctration are exceptional in the 
light of the r(\sults in other serie>; previously referred to. 

Turning to table 24, in which the results with zinc sulphate and 
ferric sulphate are given, there is a marked contrast on the one hand 
with series 20 in which zinc sulphate and copper sulphate were used, 
and on the other hand with the preceding series in which zinc sulphate 
alone was used. In this series there is marked antagonism shown be- 
tw<*(*n the salts (unployed. This is true for both tops and roots, but 
th(* most mark(*d increase in both does not occur in the same culture. 
Th(* marked increase in growth of the tops evident in culture 4 is 
a<*(*ompanied by a decrease in the percentages of calcium and mag- 
nesium present in the tops but not in the roots. The percentage of 
magnesium in the roots increases with d(‘creased growth throughout 
the series. The calcium in the tops is low and abnormally so in the 
roots. Growth is good throughout the series and in cultun* 4 is in- 
creased alamt 50 per cent above the control. This result would hardly 
be expected from the decreases recorded where zinc sulphate was used 
alone in the preceding ^series. The percentage of iron varies some- 
what, but does not increase or decrease with any regularity in any 
one direction. Attention is again called to the low calcium content, 
especially of the roots. 
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Little can be said of the mercuric chloride ferric sulphate series 
given in table 25. Growth is uniformly low throughout, with con- 
siderable variation between duplicate cultures. The percentage of 
magnesium is very high in the roots and while less in the tops, is 
much above that of the control. The percentage of calcium is uni- 
formly low in both tops and roots. Attention is called to the fact 
that no iron could be determined quantitatively, except in the highest 
concentration of salts used. This condition is striking when the 
rather large amounts of ferric sulphate in the solution are considered. 

A short series is reported in table 26 in which the toxic effe(‘ts 
of mercuric chloride when used alone, are evidtmt. There is a d(»- 
crease in growth with increasing concentration of the add<*d salt and 
also an increasing percentage of both calcium and magnesium found. 
Tlie very low ash content given by the plants in this series is of 
interest and will be discussed below. 


External Appe\rances of the Plvnts 

It seems worth while to note here a f<*w of tlu^ mort‘ .striking 
appearances of the plants. Since iron salts w<‘re ])urposely excluded 
from all solutions except those in which it was planned to study their 
effects, the control plants were of a more or l(*ss yellowish green <*olor. 
Aside from this no differences were noted between control plants 
grown with or without the addition of a little ferric phosphate to 
the nutrient. 

In every series in whi(*h growth was limited by the presence of 
magnesium salts the roots were short and much thickened. With a 
high concentration of magnesium in a balanced solution, this effe(*t 
was not noted however. High concentrations of magnesium were also 
apparent from the decided yellowing of the older leaves. Excessive* 
amounts of calcium were characterized by the a]>pcaranc(* of brown 
spots or .streaks on the leaves.^^^ 

When any considerable growth was permitted the plants grown in 
solutions of copper salts were dark green in color.’^^ Where growth 
was good the roots were apparently normal. In several of the higher 
concentrations us(*d, copper hydroxide wa*s deposited upon the roots, 
especially about the tips. A sugge.stion is made that possibly copper 
may replace iron as a catalyzer in connection wdth the building or 
activation of chlorophyll. 

30 Jost, Plant physiology (Oxford, Clarendon Press, 1907), p. 85. 

SI Univ. Calif. Agr. 8ci., vol. 1 (1917), pp. 495-, 588. 
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Several cultures in which mercuric chloride was used and in which 
growth was good, displayed the same dark green color as noted for 
copper salts and the same suggestion as made for the functioning of 
copper in this color relationship may hold for mercuric salts as well 
in very dilute solutions. 

The color was light green when iron salts were present; with the 
other salts used no marked external effects were noted. 


General Review of ExperIxMEntal Results 

It seems advisable to consider the results reported in the previous 
tables together, so that the data presented in one table may be mon* 
(‘losely correlated with those given in another. It is proposed to do 
this in the prc'sent section and further to discuss briefiy the more 
imjiortant relationships shown. 

It will be not<‘d in the accompanying tables that there is consid- 
erable variation b(*tweeri the controls grown at different seasons of 
the year. This was to be (‘xpeeted, since conditions in the gn^eii- 
house varied between the different growing p<^riods. For this reason 
it is not j)ossible to compare one series of cultures with another so 
far as alxsolute weights of the dry matter are (*oncerned. Within any 
one s(*ries or between series grown at the saint* time the absolute 
weights are comparable. This point must be borne in mind in con- 
sidering tin* results as a whole. In some (*ultures, how’cver, grow^th 
was stimulat(*d to su(*h an extent as to far surpass any variation 
bt*twe<*n series due to tliffering external conditions. Sucli a case is 
that of s(*i’it*s 22, in whi(*h ferric sulphate was added to the nutrient 
solution in varying amounts. In culture 5 of this series, the dry 
weight was ov<*r twice that of any control plants growm during the 
(*ntire time. 

Tin* experimental work with the salts of calcium plus magnesium 
W’^as rather extensivi*. Mc(\)or~ has reviewed the previous work with 
(‘aleium and magnesium salts a.s related to plants, so a discussion of 
that ]>has(* of the n'lationshijis between the two need iiot be entered 
into hen*. In his own work McGool found that calcium chloride w’as 
(‘ffe(*1ive in antagonizing the poisonous effects of magnesium chloride 
and magnesium sulphate. Tie found a slight increase in the growth 
of pea seedlings over the controls based upon the green weight of the 
plant.s. This was the case in distilled woter and in nutrient solution. 
It seems probable that the nutrient solution used by McCool was not 


saroriielJ Tniv. Agr. Exj). Sta. Mem. 2 (1013), p. 129. 
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a balanced solution, since the addition of either magnesium or cal- 
cium chloride resulted in an increased growth of the pea seedlings. 

In the present investigation there are only two cases in which the 
growth of the plants was greater with both calcium and magnesium 
chlorides present than when calcium chloride was used alone in vari- 
ous concentrations, one in culture 6, series 2, the other in culture 11, 
series 3. In the latter culture the dry weight of the plants was twice 
that in the same concentration of calcium chloride alone. There are 
marked differences in growth recorded between different combinations 
and concentrations of the two salts, and as can be easily seen from 
the graphs, the percentages of the two ions found in the plants show 
an inverse relation to growth in nearly (wery instance. Proceeding 
from series to series, the amount of magnesium found in the plants 
increases with the concentration of the magnesium chloride in the 
nutrient solution. 

Magnesium sulphate is not as toxic as magnesium chloride in 
ecpiivalent concentrations of the kation. Growth in solutions of mag- 
nesium sulphate plus calcium chloride was superior in every case to 
that found when the salts were used separately. There is a marked 
contrast between calcium chloride and calcium nitrate in antagoniz- 
ing the toxic effects of magnesium sulphate, the nitrate proving less 
effective than the chloride in concentrations of .12 AI. and over. This 
is of especial interest, since the (pialitative ionic relations of the nutri- 
ent are not altered. It is possible that we are dealing with th<* effects 
of undissociated molecules in the higher concentrations, wliich may 
be very different from ionic effects. 


Results with Sai.ts op the Heavy Metals 

Since salts of aluminum, copper, zinc, iron and mercury were 
used, it will be necessary for the sake of clearness to treat each mon^ 
or less separately. 

Mi^^ake'*'’ has shown aluminum chloride to be highly toxic, in con- 
N 

centrations above seedlings grown in water cultures. 

Similar results have been reported by Ilouse®^ and Gies, Micheels and 
De Ileen,'*'’ Duggar,®® and Ruprecht,®’^ working with several aluminum 

S’* Jour. Biol. Chem., vol. 25 (1916), p. 23. 

8<Amer. Jour. PLysiol., vol. 15 (1905), p. 19. 

•i'iBun. Acad. Roy. Belg. (1905), p. 520. 

Plant Physiology, New York, Macmillan, 1911. 

37 Mass. Exp. Sta. Bull. 161 (1915), j). 125. 
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salts. Probably the work of Abbott, Conner and Smalley®** is of more 
direct interest here. These investigators found aluminum nitrate to 
be toxic to corn seedlings in the presence of nutrient solutions. 
E. Kratzmann®® has reported stimulation due to the presence of small 
amounts of aluminum salts. Miyake^® concludes further that the 
effects observed with aluminum chloride cannot be attributed to the 
hydrogen ion resulting from the dissociation of the salt. 

Aluminum chloride was found to be toxic in every concentration 
• used in the present work. The effect of the presence of calcium 
chloride in a concentration of .20 AI. was to decrease growth still fur- 
ther, indicating that its toxic effect, as reflected in growth, was but 
additive to that of aluminum chloride. With magnesium chloride 
present in equivalent concentration as the calcium chloride, there is a 
marked antagonism at a concentration of .000066 AI. of aluminum 
chloride with .20 Al. magnesium chloride. The increase in dry weight 
was 100 {)er cent greater than in an equivalent concentration of 
aluminum chloride alone and 300 per cent greater than with mag- 
nesium chloride in the concentration given. This culture has been 
referred to especially since it furnishes a striking example of antag- 
onism between bivalent and trivalent salts, both of which are highly 
toxic when used alone. The chloride ion was a constant as far as this 
and the preceding series are concerned, the only difference between 
the two cases being the use of calcium chloride in one and magnesium 
chloride in the other. It seems logical to conclude that the action is 
specific as regards the magnesium and aluminum ions. Whatever 
the nature of this action may be. it is certainly not shown between 
calcium and aluminum ions. 

The same general relationships are brought out between ferric 
chloride and calcium and aluminum chlorides. Ferric chloride did 
not prove* toxic in the concentrations used, growth differing but little 
from that of the control. Wlien calcium chloride w^as present in a 
concentration of .20 AI. throughout the series, growth was half or less 
than half that recorded when ferric chloride alone was present. 
Alagnesium chloride in equivalent concentrations, as the calcium 
chloride above, affected growth but little. In other words, magnesium 
chloride did not prove toxic in the presence of certain concentrations 
of ferric chloride. The relations between the four salts may l>e briefly 
summarized as follow\s : There is no antagonism shown between alumi- 

Jml Exp Sta. Bull. 170 (1913), p. 329. 

8«Chem. Ztg., vol. 38 (1914), p. 1040. 

40 Jour. Biol. Chem., vol. 25 (1916), p. 23. 
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num chloride and calcium chloride. There is very little, if any, be- 
tween ferric chloride and calcium chloride. Magnesium chloride and 
ferric chloride show marked antagonism in all concentrations used 
as do magnesium chloride and aluminum chloride in certain concen- 
trations of the two salts. Magnesium chloride and ferric chloride 
show marked antagonism in all concentrations as do magnesium 
chloride and aluminum chloride in one concentration of the latter salt. 

Reference has already been made to Miss Brenchley’s monograph'*' 
and to the paper by Lipman and Gericke,'*^ in which the literature 
relating to the effects of copper, zinc, and iron salts on plants is 
reviewed. Suffice it to say that the results reported by different 
investigators are very conflicting, due largely to the widely different 
methods used and the varying conditions under which the various 
data were obtained. 

Til the j)res(‘nt work, copper chloride was toxic in every eon(*e*n- 
tration used. There was marked antagonism lietween eojiper and 
ferric chlorides both from the standpoint of growth and of absorption. 

Copper sulphate did not prove to be uniformly toxic. Growth was 
nearly normal in one concentration used while very much diminished 
in a lower concentration. The term stimulation might be applied 
here, but in the present discussion it is a])plie(l only when growth due 
to the ])resen(*e of an added salt or salts is undoubtedly greater than 
that in the control. 

Toxic eff(M‘ts are correlated with increiised absorption and antag- 
onistic clfects with decreased absorption as in other series reported. 

Growth was always less with zinc sulphate pn^semt in the nulrient 
solution than in the latter alone. Copper and zinc sulphate togetlier 
were no mon* toxic than a solution of zim* sulphate alone. 

The case with ferric .sulphate is clearly one of stimulation. The 
dry weight was over twice that of the controls in one conccuitration 
of the salt used and far superior in sev(‘ral concentrations to that 
of the plants grown in tlu» controls. Wolff^'' has reported similar 
results when iron was used in the form of the citrate, an increas(» 
in gnmth (*omparable to that noted above having be<‘n obtained. II(‘ 
found fnnher that nickel or chromium could not be us(*d to replace 
iron. 

The toxic cfTe(*ts of cop])er sulphate were markedly reduc(*d by 
the presence of ferric sulphate when we consider the results as a 

41 Inorganic })l:int poiaons and stimulants. 191.’). 

42lTniv. Cal. Pub. Agr. Rci., vol. 1 (1937), p. 395. 

43C.-R. Acad. 8ci. (Paris), vol. 157 (1933), p. 1022. 
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whole, although in one instance growth was greater with eopx)er sul- 
phate alone than when both salts were added together. 

The second ease of stimulation was noted with zinc sulphate and 
ferric sulphate in certain concentrations. In series 26 four cultures 
gave growth superior to that obtained in the (*ontrol for the series, 
and throughout growth was good when the two salts referred to above 
were j^resent together, over the range of concentrations (‘mployed. 
Low absorption was noted. In summarizing the relations of ferric, 
cupric and zinc sulphates, it is evident, from the discussion above, 
that zinc sulphate was toxic in every concentration used. f\)pper sul- 
phate was toxic, but marked variation in degree was shown between 
various concentrations. Ferric sulphate was stimulating. Copper 
sulpliate and zinc sulphate were no more toxic together than when 
each was u.sed alone. Ferric sulphate modified somewhat the toxic 
eff(M*ts of copper siiljdiate. Zinc sulphate and ferric sulphate together 
jiroved stimulating to the growth of i)lants. As contrasted with the 
(‘hlorides. the sulphates of copper and iron w(Te less toxic to barley 
ov(*r the range of concentrations used in this investigation. 

Taking the results as a whole, twelve instances of a marked in- 
cn»ase in growth at certain definite concentrations of one or more 
added salts have lH*en noted. With every such increase there is a very 
notal)le de(*reasf‘ in the amount (»f calcium and magnesium absorbed. 
The increase in growth is attributed to antagonistic salt action; de- 
creased absorjdion is inidoubtedly due to the same action, which 
tends to prestu’ve the normal permeability of the plasma meml)rane. 

In addition to the twelve instances refern‘d to above, we find 
in serit‘S after s(*ries. the toxic effects of the solution in which the 
])lants wen' growing, noticeable not alone by (hMUM^ased growth but 
also by im*reased absorption, Tlie roots and to])s may not show the 
sam<‘ rr‘lations as regards the amounts of calcium and magnesium 
taken up. For example, in series 25, in which ferric sulj)hate and 
mercuri<‘ i*hlorid(* were used together, the toxicity of the solutions was 
evident by the very limited growth, yet the composition of the tops 
was about normal. In the roots, however, the ])ercentage of mag- 
nesium was found to be tremendously iniTeased. 

It is of interest to refer again to the very low ash content and 
relatively low absorption, (*onsidering the very limited growth, in the 
few cultures in which m(»rcurie chloride was used alone. It is pos- 
sible that n'latively large amoinits of menmric salts were taken up 
by the j)lants which were volatilized on ashing the residue; thus the 
low percentage of ash may be less surprising. 
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Possible Effects op Variations in the Concentrations of 
THE Solutions on the Plants 

No attempt was made to maintain the total concentration of the 
nutrient solution constant. This would be exceedingly difficult to do 
in work of this character, since it would be necessary to vary the 
concentration of the nutrient solution to maintain the balance of the 
solution as regards total concentration. The conclusion seems justi- 
fied that within the range employed the concentration of the nutrient 
solution is of minor importance as far as growth is concerned. For 
instance, in table 1, the variation in the concentration of the solution 
was .279 M. in terms of calcium chloride, yet the total growth varied 
but little from .001 M. to .28 M. Again in table 2 the growth is very 
nearly the same at a concentration of .25 M.. with calcium and mag- 
nesium chlorides, and a total concentration of .54 ^l. of the same .salts. 
In table 3 the greatest growth occurred in a concentration of .48 M. 
in terms of the salts above mentioned, w'hile at the lower concentra- 
tions of .304 M., growth was but a third that obtained in the higher 
concentrations. These examples make clear the point above men- 
tioned, namely, that the concentration over the range used was of 
but minor importance. It is obvious that the above discussion does 
not apply to the series in which salts of the heavy metals were used, 
since the variations in concentration in those series were but slight. 


Consideration op a Possible CALCiUM-xMAONEsirM Ratio 

Since Loew"^^ first advanced the hypothesis of the lime-magnesia 
ratio, much experimental evidence has been collected by various inves- 
tigators both for and against the existence of an optimum ratio be- 
tween these two elements as regards the growth of ]>lants. The 
literature bearing upon the subject has been very fully reviewed by 
Lipman,^"‘ ,so that detailed references are not necessary here. 

Since the ratios of calcium to magnesium in the solution use<l by 
the writer w^ere known and also because of the fact that the analytical 
data allo\\ed of the calculation of such a ratio for the plants, it 
seemed of interest to present some of these data here. 

The following two tables give the results obtained from two series 
in which widely varying proportions of calcium and magnesium were 
used. 


44 Flora, vol. 75 (1892), p. 368. 

4r» Plant world, vol. 39 (3916), p. 83. 
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Ratio 

Mg to Oa 

Dry weight 

Table 27 

Ratio 

Mg to Ca 

Dry weight, 

Ratio 

Mg to On 

in solution 

tops 

in tops 

roots 

in roots 

41 

1 

.3536 

2.3 : 

1 

.1218 

1.2 : 

1 

16 

1 

.5484 

4.6 : 

1 

.1519 

1 : 

2 

8 

1 

.5885 

6.0 : 

1 

.1266 

1 : 

1 

4.1 

1 

.4774 

2.6 : 

1 

.1509 

3.3 : 

1 

2.7 

1 

.3433 

2.6 : 

1 

.1497 

1.2 : 

1 

2.0 

1 

.6775 

2.7 : 

1 

.2119 

1.3 : 

1 

1.6 

1 

.4136 

1.2 : 

1 

.1500 

1.3 : 

1 

1.3 

1 

.4431 

1 : 

1.2 

.1421 

1.2 : 

1 

1 

1 

.3745 

1.3 : 

1 

.1138 

1 : 

1.3 

1 

1.2 

.3268 

1.5 : 

1 

.1254 

1 : 

1.5 

1 

1.4 

.2815 

1.8 : 

1 

.1053 

1 : 

1.2 

] 

1.8 

.5030 

1 : 

1.2 

.1044 

1.2 : 

1 


Table 27 was eoniputed from the results driven in table 2. Mag- 
nesium chloride was present in uniform concentration of .24 ]\r. with 
varying concentrations of calcium chloride. 

It will be noted that the dry weights with a ratio of magnesium to 
calcium of 16: 1. 8: 1, and 1 : 18 are nearly the same. The ratios of 
these two elements found in the plants grown in thes(‘ solutions were 


2:1. 1:1. 1:12 for the roots, and 1 : 4.6, 

1:1.6. 1: 

1.2 for the tops. 

Further, the dry 

weight of plants grown 

in a solution in whicli the 

ratio was 41 : 1 and with a 

ratio of 1:1 

are nearly 

the same. It is 

evident that the 

same ratio 

for the roots 

may not hold for the tops. 

Ratio 

Mg to On 

Dry weight. 

Table 28 

Ratio 

Mg to Ca Dry weight. 

Ratio 

Mg to Ca 

in solution 

tops 

in tops 

roots 

in roots 

20.2 : 1 

.3033 

5.5 ; 1 

.0822 

4.4 : 1 

10.5 : 1 

.4716 

5.4 : 1 

.1572 

4.7 : ’ 

6.8 : 1 

.2799 

4.8 : 1 

.0780 

6.3 : 1 

5.1 : 1 

.1999 

5.8 : 1 

.0342 

6.0 : 1 

4.0 : 1 

,1999 

4.8 : 1 

.0636 

7.4 : 1 

3.4 : 1 

.4363 

1.3 : 1 

.1122 

4.1 : 1 

2.5 : 1 

.4013 

1.8 : 1 

.1143 

2.8 : 1 

2.0 : 1 

.2734 

2.3 : 1 

.0677 

4.7 : 1 

1.7 : 1 

.2603 

2.5 : 1 

.0867 

6.8 : 1 


Table 28 gives the ratios in the solutions used in series 4, in which 
the ratias of magnesium to calcium varied from 20.2:1 to 1.7:1. 
Growth is nearly the same in solutions in which the ratio was lO.o : 1 
as in those in which the ratio is 3.4: 1 or 2.5: 1. The plants grown 
in these cultures gave the following values for the tops: 5.4: 1, 3.4: 1, 
2.5 : 1, and for the roots, 4.7 : 1, 4.1 : 1, and 2,8 : 1. There is a tendency 
for the ratio of calcium to magnesium in the plants to become narrower 
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as the ratio of these two ions in the solution becomes narrower. 
Where a wide ratio exists in the solution, there is always a much nar- 
rower ratio in the plants. 

From the brief discussion above it is evident that the barley plants 
grew equally well in solutions having widely different ratios of cal- 
cium and magnesium ions. There is no ‘‘optimum lime-magnesia 
ratio, ’’ as Gile^® and Wyatt^^ as well as others have shown, and their 
results are confirmed in the present investigation. 

The balance between all the ions present in the solution appears 
to be of far greater importance than any single ratio. A considera- 
tion of the ratios existing between the various ions of the nutrient 
solution, aside from calcium and magnesium used, is reserved for 
further study. 


Permeability and Antagonism 

It is not proposed to enter into a discmssion of th(‘ structure and 
composition of the plasma membrane. Davidson'*'^ has re(*ently sum- 
marized our present knowh^dge concerning it with special reference 
to selective permeability. A <liscussion of the various theories which 
have been advanced to explain antagonistic* salt action need not be 
taken up in detail here. The reader is referred to pap(*rs by Glark.’^' 
Loeb,”^ Osterhout,'^^ Loew.''^ Koenig and Paul.**'' True and (lics''’^ True* 
and Bartlett/'® K(*arney and Cameron/® and Ostwald®^, for a discus- 
sion of the various factors which may be of importance in this con- 
nection. 

The recent work of Clowes*'*^ and Fenn®‘^ is important and some 
very striking similarities between the action of toxic and antagonistic 
solutions on oil emulsions and on gelatine on the one hand, and ])lant 
C(*lls on the other, have l)<H*n repicrted by th(»se investigators. 

-ci Porto Hico Exp. Sta., Bull. 12 (1912). 

Jour. Af^r. Research, vol. 6 (1916), p. o89. 

4H Plant World, vol. 19 (1916), p. 331. 

4»Bot. Gaz., vol. 33 (1902), p. 26. 

Archiv. Physiol., vol. 88 (1902), p. 68. 

r.i Scieino, n.s., vol. .3.1 (1912), p. 112. 

Flora, vol. 75 (1892), ]>. 368. 

Zeits^’hr. Hygiene u. Infektionskraiikheiten, vol. 2.5 (1897), j). 1. 

54 Bull. Torr. Hot. (’lub, vol. 30 (1903), p. 390. 

55 U. 8. Bept. A^rr., Bull. 231, 1912. 

5« U. S. Dej)!. A"r., Bull. 71, 1902. 

57 Archiv. ges. Physiol., vol. 120 (1907), p. 19. 

5« .lour. Phys. Phein., vol. 20 (1916), p. 407. 

5PProc. Nat. Acad. Sei., vol. 2 (1916), p. 539. 
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To define normal permeability is very difficult. There seems to 
be a comparatively wide range of concentration of salts over which 
the amount of any element taken up may vary without affecting the 
growth of the plant to any considerable extent. There is likewise a 
wide range over which the ratio of any one element to any other may 
change without being detrimental to plant growth. The latter point 
has been discu&sed above in (*onnection with a possible ‘optimum 
calcium-magn(»sium ratio for plants. The first point referred to has 
been very well treated by Gile and Ageton,®^’ so that further reference 
need not be given here. 

For the work in hand the percentage com])osition of the plants 
grown in the control cultures seemed to be the most logical criterion 
of normal perm(*ability available. There are variations between the 
controls as regards composition, hut they are relatively small. On 
the oth(‘r hand, the pen^entages of magnesium, for instance, range 
from .02 per (‘ent to 9.21 per cent, depending upon the solution used. 
The ]>ercentages of calcium differ over a wide range as well. Prom 
the data presented there can be no doubt wdiateveT that the composi- 
tion of tlie plant, as n^gards inorganic constituents at least, may be 
altered enormously by variations in the surrounding solution. 

Tliat portion of the root sy.stem in any plant which functions as a 
semipermeable membrane is obviously of gr(‘ate.st importance* in a 
study of the pres(*nt kind. The actual area of the membrane w’hich 
is in (‘ontact with the solution must be known in ev('ry ('ase before it 
<*an Ix* said that tlu* permeability of on(* root system is great(*r than 
that of anoth(*r. The a<*tual area of the plasma membrane cannot be 
m(*asnred directly because, in the first place, we have no means of 
determining just how’ niU(*h of the root is involved, and seeondly, the 
area concerned may be changing continually. 

L<‘ngth of the roots and their number and length together a.s well 
as gre<*n weight and dry weight havt* b(*en taken as criteria of the 
existence* of antagonism. In the pre.sent paper the dry weight has 
been taken as proportional to the area of the plasma membrane 
through w'hi(*h salts may enter the plant. It (*annot be stated d(*fi- 
nitely that tin* two are proportional. They have only been so con- 
sidered since the dry w’cight of the plant was the most logical criterion 
to employ. The reservation must ahvays be made that the two may 
not be directly ]>roportional, even though they are treated as being so. 

That the permeability of the plasma membrane of the plant cells 

Porto Rico Agr. Exp. Sta. Ball. 16, 1914. 
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is changed by the nature and balance of the solution surrounding the 
roots there can be no doubt from the data already given. That a 
number of ions are capable of acting in a very similar manner to one 
another as regards permeability is also evident from the present work. 
Further, the same salt may act differently at different concentrations, 
preserving nearly normal permeability at some and allowing the pene- 
tration of large numbers of ions at others. As previously stated, the 
total balance of the solution is of vital importance in the preservation 
of normal permeability, Avhich is in turn correlated with normal 
growth. 

In connection with the salts of the heavy metals, the amounts of 
the kation of cupric and ferric salts which had penetrated the plant 
tissue were determined in a number of instances. The percentages 
found were low. Further, whenever these salts proved toxic, the 
amounts of calcium and magnesium found in the plants were high; 
high enough in fact to account for the toxic effect alone. In many 
instances the percentages of those two elements found were as high in 
toxic solutions of copper, iron, or zinc salts as when toxic concentra- 
tions of calcium or magnesium chlorides were used. We might, 
therefore, in the light of our present knowledge, be justified in attrib- 
uting the decreased growth of the plants to the abnormally high ab- 
sorption of calcium and magnesium and the consequent reactions 
taking place within the plant cells. The permeability of the mem- 
brane must be altered to allow of the presence of these ions in large 
numbers. The toxic effects due to the presence of large amounts of 
calcium or magnesium salts might be evident if we could inject solu- 
tions of these salts into the plant without altering the permeability 
of the plasma membrane. But from the present data it seems that 
the alteration in the permeability of the membrane is the essential 
(consideration. 

It is probable also that the toxicity of any solution is accompanied 
by the increased permeability of the plant tissu(» to all inorganic salts 
which are normally found in ]>lants. There may be exceptions as 
noted alreafiy for iron and calcium, but in general this relation holds 
from the data now at hand. 

Rupre(*ht®^ has localized the effects of aluminum salts in the few 
layers of cells surrounding the root hairs and attribut(^s the death of 
the plants grown in solutions of aluminum salts to starvation incident 
upon the inability of the plant to obtain nutrient salts for normal 

01 Mass. Exp. 8ta. Bull. 361 (3915), p. 325. 
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metabolism. Forbes®® has likewise localized the effects of copper salts, 
when present in toxic concentrations, and concludes that the toxic 
effect of copper is due to the combination of metal with protein at 
the growing tips of the roots. 

Prom the experimental results given in the present paper, it is 
evident that the presence of the salts of each element in toxic concen- 
tration results in an increased permeability of the plant tissues to 
calcium and magnesium at least, Ruprecht’s view that plants starve 
for lack of nutrient salts when grown in toxic solutions is untenable, 
in the light of the above discussion. 

The results of both investigators arc significant in indicating the 
localization of the effect of the two metals studied in the extreme 
outer portion of the roots, in which the plasma membrane is located. 

The results obtained by Loeb with Fundulus eggs, by Osterhout 
with Laminaria, using electrical conductivity methods, and by Brooks 
employing microscopical methods with various plant tissues, all point 
to the ]>reservation of normal permeability as the result of antago- 
nistic salt action. The results reported by these investigators using 
widely different methods have been confirmed in the present work by 
the use of a more direct and more nearly (juantitative method than 
any hitherto employed. 

It must be recognized, however, that a picture of but one stage in 
the growth of the plant has been given and that only a portion of the 
inorganic constituents have been determined. The results reported 
are ess(*ntially those of a .static system and must be so considered in 
comparing them with results obtained by the use of other methods 
r<*f erred to above. 


Summary 

In the present paper results are given showing the effect of vari- 
ous salt solutions upon the chemical composition of plants, with spe- 
cial referen(*e to a correlation between toxic and antagonistic effects 
and composition. A uniform nutrient solution was used throughout. 
The (udtures were arranged in series in which the concentration of 
one salt was kept constant while the concentration of a second salt 
varied over a wide range. In several series the concentration of both 
varied, but the ratio between the two remained constant. The ana- 
lytical data cover the percentages of calcium and magnesium found 
in the plants grown in every culture, together with determinations 

Univ. Cal. Publ. Agr. Set, vol. 1 (1917), p. 395. 
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of j)ota^ium, iron and copper in certain series. With these facts in 
mind the results of the investigation may be briefly stated as follows: 

The composition of the plants grown in difPerent solutions varied 
widely. 

Normal growth, i.e., approximately that of the controls, was always 
accompanied by approximately equal percentages of calcium and 
magnesium in the plants. 

In nearly all cases in which the growth of the plants was det'reased 
to a marked extent, the amounts of the two elem(‘nts referred to above 
uer(‘ increased greatly. 

The degree of absorption of any salt seems to be* ind(q>endent of 
the concentration present in the .solution over a wide range. 

Ortain relationships arc pointed out between calcium and mag- 
nesium absorption and the presence of iron and zinc salts in the 
solution. 

Antagonism as evidenced by growth is correlated with al)sorption 
of the ions, which were det<"rinincd, in every instanci*. 

Stimulation of growth was recorded when ferric sulphate was 
present in the nutrient solution in ccTtain concentrations and with 
ferric suli)hate and zinc sulphate together. 

Tile amounts of the two ions uniformly determined were not ne(*es- 
sarily found in the same proportions in roots and tops. 

The passible effects of chang<‘s in concentrations of the various 
solutions are considered, and the conclusion reached that the changes 
in concentration were of secondary importance over the range of con- 
centrations of the various salts used. 

Data are presented showing that growth is the same with widely 
varying ratios of calcium to magnesium in the nutrient solution. 

The results in general confirm those of Loeb, Osterhout, and 
Brooks in finding that antagonistic salt action tends toward the 
preservation of normal permeability of the plasma membrane in living 
tissue. 

This problem was suggested by Dr. i\ B. Liiunan. The writer 
wishes to express his thanks for this and for many other valuable 
suggestions offered while the work w^as in progress. The writer is also 
indebted to i^rof. L. T. Sharp for helpful advice. 
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NOTE 

The following key a})]>lie8 to all the graphs. The numbers on the abscissas 
represent both the actual weight of tops and roots and x>^reentages of calcium 
and magnesium, or of iron, when the latter were plotted. The numbers on the 
ordinates correspond to the number of cultures as given in the table on the 
op])Osite page. The heavy lines always refer to the roots, the light lines to 
the tops. 

The following type lines are used: 

(Solid line) Weight of tops. 

(Short dashes) Weight of roots. 

lEong dashes) I^ercentage of calcium. 

(One long and two short dashes) Percentage of magnesium. 

(One long and one short dash) T^ercentage of iron. 

The numbers given in the ^‘Exjdanation of Plates^’ always refer to the 
plants arranged in order from left to right, the control being on the extreme 
right in every case. 
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Table 1 

Calcium Chloride 


No. 

1 

Solution 

CaCls 

.002 

Dry weight 

Tops .7633 
.7104 
Boots .3608 

2 

.004 

Tops ,6486 
.4976 
Boots .6555 

3 

.01 

Tops .6419 
.6138 
Boots .5628 

4 

.02 

Tops .4814 
.6600 
Boots .5750 

5 

.04 

Tops .5950 
.5442 
Boots .5959 

6 

.06 

Tops .5692 
.4998 
Boots .5048 

7 

.08 

Tops .6706 
,5015 
Boots .5250 

8 

.10 

Tops .6114 
.4182 
Boots .3827 

9 

.12 

Tops .4832 
.4778 
Boots .3918 

10 

,16 

Tops .5668 
.5218 
Boots .6123 

11 

.20 

Tops .5687 
.7637 
Boots .6305 

12 

.24 

Tops .5266 
.5793 
Boots .6067 

Pull Nutrient Tops .7937 
.7418 
Boots .6900 


Mean 

Percenti 
of Ash 

Mean 

.7368 

15.38 

15.34 

15.36 

.1804 

26.24 


.5731 

15.34 

17.34 

16.34 

.3277 

29.98 


.6279 

17.29 

16.81 

17.05 

.2814 

28.10 


.5707 

16.80 

17.69 

17.24 

.2875 

31.56 


.5696 

17.52 

16.59 

17.05 

.2979 

33.54 


.5845 

17.67 

17.00 

17.33 

.2524 

29.45 


.5860 

13.92 

11.82 

12.87 

.2625 

29.46 


.5148 

18.46 

19.94 

19.20 

.1913 

30.18 


.4805 

16.80 

17.15 

16.97 

.1959 

29.12 


.5443 

17.45 

18.47 

17.96 

.3066 

29.43 


.6662 

17.03 

17.13 

17.08 

.3154 

31.82 


.5529 

17.62 

17.34 

17.48 

.3033 

27.08 


.7677 

18.80 

19.10 

18.95 

.3450 

20.03 



& 


& 

a u 


Percei 
of Ca 

Mean 

g* 

Mean 

.477 


.051 



.477 

.046 

.049 

.231 


.413 


.400 


.116 


.470 

.435 

.154 

.135 

.261 


.507 


.514 


.095 


.517 

.515 

.078 

.086 

.219 


.498 


.504 


.045 


.450 

.477 

.044 

.045 

.121 


.483 


.640 


.048 


.56.5 

.602 

.044 

.046 

.113 


.563 


.718 


.050 


.713 

.715 

.087 

.069 

.098 


.420 


.407 


.035 


.684 

.545 

.079 

.057 

.363 


.472 


.428 


.061 


.440 

.434 

.068 

.064 

.290 


.652 


.443 


1.000 


.425 

.434 

.82 

.962 

.273 


.810 


.387 


1 340 


.486 

.436 

1.300 

1.32 

.392 


.415 


.348 


.358 


.388 

.,368 

.282 

.320 

.204 


.407 


.354 


.316 


..392 

.373 

.137 

.226 

.373 


.577 


.393 


.235 


.390 

.391 

.202 

.218 

.227 


.259 



Grown October 24-T)ec ember 5, 1915. 
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1 

Calcium Chloride 
(See Table 1 ) 



170 


University of California Puhlicatiom in Agricultural Sciences [Vol. 3 


Table 2 

Magnesium Chloride -f Calcium Chloride 







§j 

i/ 


V 








ft 

■Hxt 

te 


m 


bs 

IB 


Solution 


a 

? 16 

C c8 

2 So 

c 

P bG 

e 

a A 

No. 

MgCla " 

GftClg 

Dry Weight 

S 

1^ 

2 fc's 

ce 

S 

0 

Ph 

ett 

S 


1 

.24 

.004 

Tops .3407 


12.90 

.483 


1.21 






.3666 

.3536 

13.00 

12.95 .500 

.491 

1.06 

1.16 





Boots .2456 

.1218 

20.05 

.557 


.670 


.022 

2 

.24 

.01 

Tops .5106 


16.84 

.198 


.883 






.5862 

.5484 

16.88 

16.86 .196 

.197 

.953 

.918 





Boots .3038 

.1519 

16.75 

.437 


.216 


.025 

3 

.24 

.02 

Tops .2758 


15.22 

.490 


1.45 






.5885 

.4321 

15.94 

15.58 .189 

.339 

1.09 

1.13 





Boots .2533 

.1266 

21.02 

.407 


.433 


.010 

4 

.24 

.04 

Tops .4450 


16.30 

.361 


.967 


.943 




.4828 

.4619 

.17.55 

16.92 .342 

.351 

.920 

.943 





Boots .3018 

.1509 

16.32 

.550 


1.82 


.009 

5 

.24 

.06 

Tops .3150 


18.50 

.445 


1.07 






.3716 

.3433 

17.87 

18.18 .403 

.422 

1.13 

1.10 





Boots .2994 

.1497 

19.54 

.309 


.388 


.006 

6 

.24 

.08 

Tops .6871 


15.97 

.154 


.440 






.6679 

.6775 


35.97 .172 

.163 

.441 

.440 





Boots .4238 

.2119 

14.25 

.206 


.280 


.007 

7 

.24 

.10 

Tops .4797 


16.75 

.458 


.645 






.4476 

.4636 

13.23 

14.99 .457 

*.457 

.507 

.576 





Boots .3000 

.1500 

19.95 

.430 


.577 


.002 

8 

.24 

.12 

Toj)S .4583 


16.20 

.817 


.665 






.4270 

.4431 

17.43 

16.81 .732 

.774 

.635 

.650 





Boots .2843 

.1421 

23.09 

.376 


.454 


.006 

9 

.24 

.16 

Toj.s .3243 


1.5.14 

1.160 


1.46 






.3543 

.3393 

1.5.45 

15.29 1.210 

1.18 

1.59 

1.52 





Boots .2276 

.1138 

24.60 

.970 


.714 


.010 

10 

.24 

.20 

Tops .3404 


16.62 

1.140 


1.69 






.3132 

.3268 

17..50 

17,06 1..33() 

1.23 

1.98 

1.83 





Boots .2508 

.1254 

24.60 

1.200 


.785 


.012 

11 

.24 

.24 

Tops .2707 


18..53 

1.640 


.807 


.015 




.2924 

.2815 

17.83 

18.18 1.290 

1.46 

.826 

.816 

.009 




Boots .2107 

.1053 

24.62 

1.200 


.995 


.010 

12 

.24 

.30 

Tops .4834 


18.48 

.563 


.675 


.010 




.5226 

.5030 

17.64 

18.06 .585 

.574 

.707 

.691 

.012 




Boots .3888 

.1944 

25.16 

.437 


.538 


.010 

13 

.24 


Tops .4281 


16.83 

.387 


.907 


.018 




.5106 

.4693 

17.20 

17.02 .383 

.385 

.890 

.898 

.013 




Boots .2463 

.1231 

23.07 

.208 


.800 


.011 


Grown January 2-February 13, 1916. 
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Fifr. 2 

Majiiiesiuni Chloritle -f Calcium Chloride 
(8ee Table 2) 
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Table 3 


Magnesium Sulphate + Calcium Chloride 







■sjb 


bX 

s 


tx 

C9 



Solution 

A 


c8 

C to 

It 

fl 

c9 

g « 

e 

cS 

1 ? 

0 

<8 

No, 

MgCl, 

CftOls 

Dry Weight 

U 

(2® 

0) 



Pu 

a> 

1 

.30 

.001 

Tops .1986 


16.60 


.300 


.440 





Boots .2650 

.2318 

15.60 

16.10 

.209 

.259 

.413 

.426 

2 

.30 

.002 

Tops .2700 


16.44 


.198 


.571 





Boots .2766 

.2733 

16.39 

16.41 

.143 

.170 

..514 

.542 

3 

.30 

.004 

Tops .2566 


18.43 


.216 


..595 





Boots .2236 

.2401 

17.39 

17.91 

.274 

.255 

.533 

.564 

4 

.30 

.01 

Tops .3194 


16.49 


.229 


.515 





Boots .1744 

.2469 

14.28 

1.5..38 

.189 

.209 

.088 

.515 

.5 

.30 

.02 

Tops .2074 


14.56 


.526 


.749 





Boots .2249 

.2163 

15.73 

1.5.14 


.526 

.565 

.607 

6 

,30 

.04 

Tops .5249 


1.5.19 


.423 


.405 





.4166 

.4707 

1.5.57 

15.38 

..396 

.409 

.437 

.418 




Boots .1309 

.0654 

18.10 


.44.3 




7 

.30 

.06 

Tops .3036 


16.83 


.2.54 


.649 





.1836 

.2436 

17.42 

17.12 

.145 

.254 

.790 

.719 




Boots .08.50 

.0425 

14.70 


.26.3 




S 

.30 

.OS 

Tops .2184 


17.90 


.235 


,700 





,2403 

.2293 

1.5.99 

16.94 ^ 

.213 

.224 

.66.3 

.681 




Boots .0648 

.0324 

13.05 


.104 


.230 


9 

.30 

.10 

Toi) 8 ,3978 
Boots 


30.08 

,30.08 

.525 

.525 

1.15 

1.15 

10 

.30 

.12 

Tops .3842 


17.92 


.329 


.399 





.2759 

.3300 

19.57 

18.74 

.388 

.3.58 

.56,3 

.481 




Boots .1059 

.0529 

27.29 


.623 


.124 


n 

.30 • 

.16 

Tops .8819 


17.41 


.136 


.047 





.9600 

.9200 

18.11 

17.76 

.181 

.160 

.037 

.042 




Boots .6900 

.3450 

33.71 


.435 


.047 


12 

.30 

.20 

Tops .2100 
Boots .2700 

24.00 


14.08 


1.390 


3.660 

13 

.30 

.24 

Tops .2576 
Boots .1930 

.2253 


15.40 


1.490 


4.210 

11 

.30 

.30 

Tops .2600 
Boots .2000 

.2300 


14.30 


2.200 


3.790 

Full Nutrient 


Toj)s .7937 


18.80 


.393 


.235 





.7418 

.7677 

19.10 

18.95 

.390 

.391 

.202 

.218 




Boots .6900 

.3450 

20.03 


.227 


.259 



Crown October 24 to December 5, 1915, 
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Table 4 

Magnesium Chloride + Calcium Chloride 







bO 

CS 


ca 


g 

5 


bo 

CS 


Solution 

A 


et 

cS 

P’S 

a 

cS 

C CS 

a 

(8 

0 bo 

a 

CS 

|i£ 

No. 

MgClfl 

OaCla 

Dry Weight 



S 

pti 



0) 


1 

.36 

.02 

Tops .2878 


18.24 


.271 


1.71 






.3189 

.3033 

17.12 

17.68 

.311 

.291 

1.51 

1.61 





Boots .1644 

.0822 

18.15 


.221 


.98 



2 

.36 

.04 

Tops .4128 


18.25 


.374 


1.89 


.039 




.5210 

.4716 

16.55 

17.40 

.342 

.358 

1.99 

1.94 

.047 




Boots .3144 

.1572 

20.65 


.263 


1.24 



3 

.36 

.06 

Tops .2952 


16.31 


.431 


2.14 






,2640 

.2799 

17.21 

16.76 

.392 

.461 

2.37 

2.25 





Boots .1560 

.0780 

17.90 


.472 


3.00 



4 

.36 

.08 

Tops .1878 


18.10 


.394 


2.22 






.2034 

.1999 

.2400 

21.05 

.407 

.400 

2.48 

2.35 





Boots .0684 

.0342 

17.S0 


.733 


4.43 



5 

.36 

.10 

Tops .2292 


15.13 


.532 


2.90 






.1608 

.1999 

16.20 

15.66 

.614 

.573 

2.61 

2.75 





Boots .1272 

.0636 

17.90 


.631 


4.71 



6 

.36 

.12 

Tops .4788 


14.60 


.817 


.890 


,042 




.3938 

.4363 

13,65 

19.12 

.625 

.721 

1.02 

.95 

.027 




Boots .2244 

.1122 

17.60 


.813 


3.33 




7 

.36 

.16 

Tops .3616 


14.12 


.8.32 


1.23 






,4410 

.4013 

15.17 

14.64 

.742 

.787 

1.72 

1.47 





Boots .2287 

.1143 

16.00 


.873 


2.47 



8 

.36 

.20 

Tops .2963 


1.3.21 


.931 


2.01 






.2505 

.2734 

12.17 

12.69 

.871 

.931 

2.32 

2.16 





Boots .1355 

.0677 

16.99 


1.020 


4.82 



9 

.36 

.24 

Tops .3100 


14.21 


.870 


2.31 






.2106 

.2603 

13.17 

1.3.69 

1.200 1.03 

3.02 

2.66 





Boots .1734 

.0867 

14.20 


.713 


4.89 



Full Nutrient 


Tops .7819 


20.40 


.349 


.223 






.7459 

.7639 

19.70 

20.05 

.330 

.339 

.268 

.295 





Boots .6209 


21.70 


.242 


.248 




Grown January 7~February 21, 1916, 
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Fig. 4 

Magnesium Chloride + Calcium Chloride 
(See Table 4) 
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Table 5 

Magnesium Sulphate 


No. 

Solution 

MgSO* 

Dry Weight 

Mean 

Percen 
of As) 

Mean 


Mean 

c feyt 

1* 

> © 

Mean 

1 

.06 

Tops .7326 


16.78 


.358 


.785 




.7838 

.7587 

16.46 

16.62 

.379 

.368 

.750 

.767 



Roots .6383 

.3191 

16.84 


.4i)5 


.550 


0 

.10 

Tops .7150 


15.73 


.302 


.320 




.9420 

.8276 

16.21 

15.97 

.313 

.307 

.320 

.320 



Roots .4822 

.2411 

22.91 


.580 


1.270 


3 

.14 

Tops .6888 


15.09 


'.201 


.350 




.6546 

.6717 

15.64 

15.36 

.230 

.215 

.390 

.370 



Roots .4437 

.2218 

20.31 


.148 


.740 


4 

.16 

Tops ,3042 


12.65 


.337 


.350 




.3657 

.3349 

11.81 

12.23 

.331 

.334 

.310 

.330 



Roots .0762 

.0381 

21.52 


.985 


1.0 1 


5 

.IS 

Tops .2875 


12.32 


.496 


.280 




.2978 

.2926 

12.72 

12.52 

.371 

.434 

.310 

.295 



Roots .0542 

.0271 

20.49 


1.130 


1.300 


Full Nutrient 

Tops .7819 


20.40 


.349 


.223 




.7459 

.7639 

19.70 

20.05 

.330 

.339 

.268 

.295 



Roots ,6209 


21.70 


.242 


.248 



drown December 9-.lanuarv 20, 1915 -10 
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1.4 


1 . 3 - 



\ 


\. 

I i i > 

1 ‘J J 4 

Fijr. .) 

;M airnesiuin Sulphate 
(See Table T)) 
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Table 6 


Magnesium Chloride + Calcium Chloride 










V 


O ' 


s , 












08 


« 



Solution 

A 



Vi 

c 8 

C QQ 

l < 

ca 

08 


0 

08 


0 

od 

£ ® 

s 

No. 

OaOlg 

MgSO/ 

Dry 




0 ) 


S 



At 


1 

.04 

.18 

Tops 

1.1626 


19.91 


.261 


.407 


.036 






1.2526 

1.2076 

19.75 

19.83 

.332 

.296 

.722 

.564 

.023 

.030 




Roots 

.9895 

.4942 

16.52 


.030 


.312 


.017 


2 

.08 

.18 

Tops 

1.1888 


20.43 


.312 


.077 


.060 






1.0948 

1.1418 

21.15 

20.79 

.377 

.344 

.084 

.081 

.060 

.060 




Roots 

.9037 

.4518 

26.13 


.151 


.180 


.020 


3 

.12 

.18 

Tops 

1.1287 


19.50 


.275 


.021 


.024 






1.2691 

1.1989 

21 .22 

20.36 

.276 

.275 

.023 

.022 

.021 

.023 




Roots 

.9591 

.4795 

20.93 


.560 


.185 


.020 


4 

.16 

.18 

Toj)8 

1.2293 


17.85 


.169 


.035 


.036 






1.2134 

1.2213 

16.75 

17.30 

.131 

.150 

.049 

.042 


.036 




Roots 

.5444 

2722 

16.47 


.690 . 


.101 


.024 


5 

.20 

•if 

Tops 

1.1786 


21.67 


.333 


.039 


.033 






1.1021 

1.1403 

21.07 

21.37 

.256 

.294 

.044 

.041 


.033 




Roots 

1.0500 

.5250 

25.40 


.820 


.299 


.028 


6 

.24 

.18 

Tops 

.9773 


21.47 


.448 


.462 


.015 






.9923 

,9848 

21.65 

21.56 

.545 

* .496 

.486 

.470 

.033 

.(W 




Roots 

.8600 

.4300 

26.07 


1.290 


.407 


.024 


7 

.28 

.18 

Toj)8 

.8459 


18.62 


.476 


.437 


.032 






.7450 

.7954 

20.05 

19.33 

.523 

.499 

.409 

.420 

.037 

.035 




Roots 

.6014 

.3007 

21.87 


1.580 


.565 


.023 


8 

.32 

.18 

Tops 

.4608 


21.43 


.640 


1.05 


.027 






.5316 

.4962 


21.43 

.568 

.604 

1.24 

1.14 

.019 

.023 




Roots 

.3350 

.1675 

29.00 


3.330 


1.07 


.026 


9 

.36 

.18 

Tops 

.1916 


18.56 


.747 


1.43 


.048 






.2349 

.2132 

18.80 

18.68 

.955 

.851 

1.59 

1.50 

.049 

.047 




Roots 

.0976 

.0488 

18.05 


1.000 


2.80 








,2269 

.1819 

13.60 

13.50 

.235 

.370 

1.71 

1.71 

.031 

.053 

10 


.18 

Tops 

.1369 


13.40 


.505 


2.03 


.016 





Roots 

.0614 

.0307 

16.62 


.112 


3.68 





Crown January 24--March 6, 1916. 
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Fijr. 6 

Magnesium Sulphate + Oaleiuin Chloriile 
(See Table 6) 
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Table 7 

Potassium Chloride 


Solution 

© t • 

55 Ca(N08)s MgS 04 Dry Weight 
1 .04 .15 Tops 1.8850 


freight S 0. ® S 
1.8850 17.90 

1.1941 1.5395 20.00 18.95 


d 

s g 

2 Si's 2 

a (S® 59 

.967 

.067 .808 .887 





Boots 

.9776 

.4588 

19.35 


.062 


.101 


2 

.08 

.15 

Tops 

1.7825 


16.20 


.101 


.762 






1.5648 

1.6731 

16.92 

16.56 

.120 

.110 

.842 

.802 




Boots 

.8813 

.4406 

25.37 


.135 


.430 


3 

.12 

.15 

Tops 

1.6850 


19.90 


.487 


2.190 







.8425 


19.90 



.487 


2.190 




Boots 

.6284 

.3141 

31.20 


.037 


2.390 


4 

.16 

.15 

To{»s 

1.2078 


16.67 


.247 


2.120 







.6030 


16.67 


.247 


2.120 




Boots 

.5668 

.2834 

27.80 


.037 


2.410 


5 

.20 

.15 

Tops 












Boots 


No growth 






6 

.24 

.15 

Tops 

.5818 


18.50 


.550 


9.20 







.2909 


18.50 


.550 


9.200 




Boots 

.1581 

.0740 

21.90 


.195 


6.520 


7 

.28 

.15 

Tops 












Boots 


No growth 






8 

Full Nutrient 

Tops 

1.5682 


18.33 


.293 


.231 






1.5775 

1.5728 

19.40 

18.86 

.312 

.302 

.279 

.255 




Roots 

.9776 


20.40 


.271 


.279 



.026 

.018 .022 
.093 

.024 

.021 .023 

.012 


Grown April 14-May 27, 1916. 
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0.9 - 



Magnesium Sulphate + ('alcium Nitrate 
(See Table 7) 



J82 


University of California Publications in Agricultural Sciences [Vol. 3 


Table 8 


Magnesium Sulphate -f Calcium Nitrate 







CJ) 


c, 

bt 


& 

0, 

be 


& 


No. 

Solution 

KCl Dry Weight 

Mean 

Percent 
of Ash 

Mean 

Percentj 
of Ca 

Mean 

Percents 
of Mg 

Mean 

Percents 
of Fe 

Mean 

Percent a 
of K 

Mean 

1 

.04 

Tops 

1.1563 


19.65 


.078 


.228 

.028 


1.37 





1.1128 

1.1345 

19.65 

19.65 



.201 .214 

.045 

.037 

1.80 

1..58 



Eoots 

.5038 

.2519 

17.07 


.256 


.175 

.173 


.61 


2 

.06 

Tops 

1.0773 


24,00 


.128 


.083 

.04] 


3..54 





1.0701 

1.0782 

25,90 

24.95 

.113 

.120 

.118 .100 

.030 

.036 

3..)4 

3.54 



Roots 

.5979 

.2989 

16.27 


.241 


.170 





3 

.08 

Tops 

.7638 


27.50 


.302 


.201 

.064 


4.81 

4..56 



Roots 

.4659 

.1829 

17.20 


.238 


.180 

.106 


4.80 


4 

.10 

Tops 

.8417 


25,90 


.204 


.302 

.268 


3.56 





.7900 

.Sl.lS 

24.40 

25.15 

.186 

.195 

.205 .253 

.280 

.274 

3.80 

3.68 



Roots 

.3135 

.1567 

14.20 


.570 


.300 

.072 


1.02 


5 

.12 

Tops 

.5656 


31.00 


.283 


.378 

.195 


4.78 





.5815 

,5734 

29.80 

30.40 

.265 

.274 

.657 .567 

.072 

.133 

4.30 

4., 54 



Roots 

.2215 

.1107 

18.00 


.780 


.101 

.175 


1.67 


6 

.14 

Tops 

.4825 


39.50 


.217 


.478 

.091 


9.11 





.4200 

.4,531 

32.30 

35.90 

.222 

.219 

,454 .466 

.092 

.091 

7.10 

8.10 



Roots 

.1762 


20.83 


.617 


.139 

.021 


1..53 


7 

.16 

Tops 

.5375 


42.00 


.248 


.730 

.071 








.2687 


42.00 


.248 

730 


.071 

11.21 

11.21 



Roots 

.1339 

.0669 

23.83 


.505 


1.34 

.250 


2.31 



Grown January 31~March 13, 1016. 
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Table 9 

Magnesium Sulphate -f Potassium Chloride 



Solution 

A 



a 

(8 

h 

(t 

<8 

S 

s * 

22 

0 

e8 

c8 0} 

c w c 5 , 

gs s 

«8 


No . MgSO * 

KCl 

Drv Weight 




Vo 


VO 2 0 


V 

1 

.04 

.18 

Tops 

.6579 


19.65 


.141 


.490 

2.13 






.6379 

.6479 

21.20 

20.42 

.162 

.151 

.500 .495 

1.72 

1.92 




Roots 

.2800 

.1400 

20.00 




2.79 

.67 


2 

.08 

.18 

Tops 

.6800 


22.07 


.138 


.430 

3.21 






,7162 

.6981 

25.10 

23.58 

.171 

.154 

.480 .455 

3.00 

3.10 




Roots 

.2682 

.1341 

23.50 


.590 


1.350 

.72 


3 

.12 

.18 

Tops 

.4957 


22.60 


.292 



3.78 






.5202 

.5079 

26.50 

24.55 

.310 

.301 

.923 .923 

3.82 

3.80 




Roots 

.2200 

.1100 

25.25 


.745 


.104 

.86 


4 

.16 

.18 

Tops 

.6229 


23.50 


.152 


.382 

4.12 






.6464 

.6346 

24.70 

24.10 

.169 

.161 

.381 .381 B 

4.21 

4.1(5 




Roots 

..3123 


22.70 


.291 


..561 S 

1.40 


5 

.20 

.18 

Tops 

.3643 


26.20 


.440 


o 

.977 ^ 

5.01 






.4819 

.4231 


26.20 


.440 

977 o 



5.01 




Roots 

.2063 

.1031 

24.00 


.678 


1.060 Z 

2.20 


6 

.24 

.18 

Tops 

.3259 


33.20 


.407 


1.040 1 

7.22 






.2141 

.2700 

37.60 

3.5.40 

.423 

.415 

2'.920 1.970 0 

8.13 

7.66 




Roots 

.1297 

.0648 

22.10 


,750 


1.490 ^ 

2.80 


7 

.28 

.18 

Tops 

.1.522 


31.10 


.299 


1.030 1 

9.20 






.2050 

.1786 

35.10 

33.10 

.265 

.282 

.990 1.010 £ 

11.30 

10.25 




Roots 

.0913 

.0456 

24.10 


.735 


2.900 

3.10 


8 

.32 

.18 

Tops 

.2704 


36.10 


.263 


.890 

11.2(» 






.2997 

.2850 

36.20 

36.15 

.211 

.237 

.810 .850 

7.20 

9.20 




Roots 

.1467 

.0733 

22.57 


.229 


.818 

2.17. 


9 

.36 

.18 

Tops 

.2800 


23.90 


.261 


.801 

3.21 






.2846 

.2823 

25.00 

24,45 

.278 

,269 

.895 .848 

4.17 

3.64 




Roots 

,1417 

.0708 

21.60 


.699 


.248 

2.1 S 


Full Nutrient 

Tops 

1.0992 


20.17 


.310 


.268 







1.07.50 1.0872 

19.12 

18.69 

.297 

.303 

.228 .224 






Roots 

.8120 


20.00 


.271 


.233 




(Jrown January 31-March 13, 1916, 
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Pi(?. 9 

Magnesium Sulphate + Potassium Chloride 
(See Table 9) 
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Table 10 

Aluminum Chloriile 


No. 

Solution 

AlCla 

Dry Weight 

Mean 

Percent 
of Ash 

Mean 

Percent 
of Ca 

Mean 

Percent 
of Mg 

Mean 

Percent 
of Fe 

Mean 

1 

.0000033 

To])S .4438 


22 42 


.008 


.450 


.075 




.4688 

.4563 

20.40 

21.40 

.002 

.005 

.500 

.520 

.077 

.076 



Hoots .4315 

.2157 

20.20 


.055 


.500 


.080 


o 

.00001 6 r > 

Tojis .2031 


23.20 


.106 


.703 


.151 




.2745 

.2830 

22.70 

22.05 

.180 

.188 

.703 

.703 

.140 

.145 



Hoots .1076 

.0088 

18.70 


.250 


.000 


.061 


a 

.000033 

Tops .2872 


21.00 


.316 


.053 


.173 




.3505 

.3233 

22.60 

21.84 

.321 

.318 

1.000 

.070 

.1.54 

.163 



Roots ,2064 

.1482 

10.55 


.153 


.504 


.130 


4 

.000066 

Tops .3028 


21.00 


.342 


.605 


.128 




.3200 

.3114 

22.80 

21.04 

.331 

.338 

.6)15 

.610 

.1.55 

.141 



Hoots .2422 

.1211 

10.55 


.334 


.840 


.171 


.1 

.000132 

Tops .2720 


22.60 


.423 


.835 


.101 




.2470 

.2500 

10.00 

20.80 

.450 

.436 

.837 

.836 

.134 

.117 



Hoots .2645 

.1322 

26.60 


.382 


1.110 


.104 


6 

.000331 

Tojis .3178 


20.20 


.246 


1,1.30 


.137 




.4016 

.3507 

21.00 

21,05 

.247 

.246 

.600 

.01 

.124 

.130 



Hoots .2550 

.1275 

27.00 


.108 




.108 


7 

.00331 

Tops .3863 


22.30 


.258 

, 

.535 


.114 




.2360 

.31 16 

21.82 

22,60 

.268 

.263 

1.230 

.88 

.187 

.1.50 



Hoots .2153 

.1076 

20.40 


.583 


.330 


.231 



drown AufjjUMt 26 October 7, 1016. 
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Fit;. 10 

Aliiniiiiini) Clilorhlo 
(See Table 10) 
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Table 11 


Calcium Chloride -f Aluminum Chloride 







& 

* 


a> 

u 

cs 


& 

JS 


Cl 



Solution 

A 


el 

ta 


e 

« 


d 

eu 

tS 

d 

« 

e o 

d 

cs 

No. 

' AlCIa 

OftCla 

Dry Weight 

s 

ft® » 

s 

P-4 


£ ® 


£ ® 

0) 

IS 

1 

.0000033 

.20 

Tops .2962 


24.20 


1.630 


.745 







.2087 

.2524 

23.10 

23.65 

1.820 

1.72 

.830 

.787 






Roots .1897 

.0948 

20.40 


.730 


.872 




2 

.0000165 

.20 

Tops .2542 


24.23 


3.610 


.890 


.123 





.2678 

.2610 

22.18 

23.20 

1.720 

1.66 

9.30 

.910 

.313 

.21 




Roots .2745 

.1372 

26.17 


.731 






3 

.0000331 

.20 

Tops .3324 


23.00 


1.250 


.787 


.503 





.3706 

.3515 

25.20 

24.10 

1.460 

1.35 

.903 

.845 

.540 

.52 




Roots .2942 

.1471 

26.10 


.^90 


.817 


.075 


4 

.0000662 

.20 

Tops .2139 


23.20 


1.210 


.821 


.237 





,2337 

.2238 

21.70 

22.45 

1 .030 

1.12 

*.733 

.772 

.114 

.17 




Roots .1839 

.0919 

24.20 


.621 


1.02 




5 

.000132 

.20 

Tops .2148 


20.58 


1.400 


.932 


.248 

.18 




.3085 

.2611 

24.10 

22.34 

1.060 

1.23 

.897 

.913 

.119 

.18 




Roots .2239 

.1119 

20.20 


.513 


.947 




6 

.000331 

.20 

Tops .2337 


24.10 


1.420 


.632 


.105 





.2137 

.2237 

21.32 

22.71 

1.270 

1.34 

.711 

.621 

.210 

.15 




Roots .1682 

.0841 

20.16 


.672 


1.310 




7 

00331 

.20 

Tops .2496 


24.10 


1.330 


.490 


.155 





.1946 

.2221 

22.90 

23.50 

1.550 

1.44 

.516 

.503 

.285 

.22 




Roots .1296 

.0648 

26.40 


.780 


.253 


.021 


Full Nutrient 


Tops .7103 


18.17 


.322 


.221 







.7327 

.7215 

19.31 

18.74 

.377 

.349 

.270 

.245 






Roots .6600 

.3300 

19.99 


.300 


.233 





Grown August 26-October 7, 1916 
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Fip. 11 

Calcium Chloride + Aluminum Chloride 
(See Table 11) 
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Table 12 

Aluminum Chloride + Magnesium Chloride 



Solution 



G 

g « 

d 

g cS 

go 

d 

d be 

d 



No. 

AlCla 

Wh 

Dry Weijrht 






Ph 




1 

.0000033 

.20 

Tops 

.2819 


19.02 


.426 


2.13 


.121 






.54.1? 

.4138 

18.71 

18.86 

.371 

.398 

1.91 

2.02 

.131 

.126 




Roots 

.2936 

.1468 

21.31 


.321 


2.12 


.122 


2 

.0000165 

.20 

To [>8 

.3539 


17.31 


.327 


1.71 


.141 






.3000 

.3269 

19.21 

18.16 

.421 

.374 

1.83 

1.77 

.132 

.136 




Roots 

.1750 

.0875 

22.17 


.400 


1.71 


.101 


3 

.0000331 

.20 

Tops 

.2243 


21.05 


.352 


2.51 


.148 






.2259 

.2251 

17.70 

19.39 

.448 

.400 

2.80 

2.65 

.117 

.117 




Roots 

.1239 

.0614 

24.10 


.366 


1.96 


.135 


4 

,0000662 

.20 

Tops 

.6327 


19.00 


.147 


1.46 • 


.050 






.7644 

.6985 

18.10 

18.55 

.130 

.138 

1.36 

1.42 

.047 

.049 




Roots 

.5526 

.2763 

19.95 


.111 


.333 


.040 


5 

.000132 

.20 

Tops 

.2406 


19.75 


.280 

• 

2.78 


.069 






.3156 

.2781 

19.55 

19.65 

.282 

.281 

3.11 

2.94 

.064 

.066 




Roots 

.1250 

.0625 

24.00 


.186 


5.88 


.181 


6 

.000331 

,20 

Tops 

.2279 


16.50 


.407 


.940 


.091 






.2048 

.2163 

19.90 

18.20 

.467 

.437 

.557 

.74 

.081 

.086 




Roots 

.1700 

.0850 

22.76 


.302 


2.51 


.098 


7 

.00331 

.20 

Tops 

.2400 


17.40 


.131 


2.14 


.161 






.1 450 

.1925 

18.80 

18.10 

.161 

.145 

1.71 

1.92 

.192 

.176 




Roots 

.0990 

.0495 

32.60 


.200 


4.53 


.439 



Grown August 2d-Ootober 7, IMfi. 
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KiR. 12 

Aluminum ClilorMe + Mapnesiura Chloride 
(See Table 12) 
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Solution 

'No. FeClj Dry Weight 

1 .000089 Tops .7712 

.8376 
Roots .7143 

2 .000168 Tops .7884 

1.2762 
Roots .6462 

3 .00168 Tops 1.3519 

1.1269 
Roots ,9034 

4 .0168 Tops 1.0000 

1.2750 
Roots .7219 

Full Nutrient Tops 1.0992 
1.0750 
Roots .8120 


Table 13 
Ferric Chloride 



& 


0> 

u 

Mean 

Percenti 
of Ash 

Mean 

Percents 
of Ca 


14.50 


.199 

.8044 

19.20 

16.85 

.228 

.3571 

17.90 


.138 

1.0323 

19.30 

16.60 

.106 

.3231 

17.60 


.178 


15.70 


.045 

1.2394 

18.10 

16.90 

.046 

.4517 

17.10 


.054 


16.78 


.033 

1.1370 

16.51 

16.64 

.028 

.3609 

20.98 


.068 


20,17 


.310 

1.0872 

19.12 

18.69 

.297 


20.00 


.271 



bo 


a 



« 





CM 


fl g 


fl 


(3 


fl 

a 

s 

iS® 

s 

{2® 

S 


.258 


.214 


.213 

.237 

.247 

.199 

.206 



.244 


.200 


.122 

.299 

.271 

.197 

.198 


.250 


.220 



.259 


.247 


.045 

.225 

.242 

.232 

.239 


.213 





.254 


.109 


.030* 

.222 

.238 

.138 

.123 


.203 


.231 



.268 




.303 

,228 

.224 




.233 





Grown .Tanuary 24-March 6, 1916. 
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1.4 


1.3- 



I I I » 

12 3 4 


Fig. 13 

Ferric Chloride 
(See Table 13) 
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Table 14 


Ferric chloride -f Calcium Chloride 








be 


Oi 

bC 


u 


& 








es 


<3 


es 


es 



Solution 




G (A 

c 

p a 

So 

p 

p be 

e 

St 

p 

No . 

. ^ 

PeCla 

Cads ' 

Dry Wpipht 

eS 

01 

cu 

(9 

s 

A®" ® 

S 

cu 

eS 

s 

»- V. 

A^ ® 

Cu 


1 

.000089 

.20 

Tops 

.4826 


18.27 


1.02 


.164 








.4116 

.4471 

18.50 

18.38 

1.83 

1.42 

.137 

.150 






Roots 

.4143 

.2071 

28.35 


.531 


222 


.100 


2 

.000168 

.20 

Toi»8 

.5238 


17.72 


1.77 


.194 


.080 






.5847 

.5592 

16.04 

16.88 

1.01 

1.39 

.101 

.147 

.090 

.085 




Roots 

.6115 

.3057 

22.70 


.188 


.2 L 0 


.03 


3 

.000352 

.20 

Tops 

.2732 


20.42 


2.78 


.256 


.370 






.3201 

.2918 

20.61 

20.51 

3.28 

3.03 

.255 

.255 

.400 

.38 




Roots 

.1774 

.0887 

22.40 


1.76 

• 

.692 


.120 


4 

.000712 

.20 

Tops 

.5910 


1.0.01 


2.85 


.212 


.50 






.3810 

.4860 


10.01 

2.15 

2.00 

.262 

.237 

.40 

.45 




Roots 

..lOoS 

.2526 

31.30 


1.06 


.026 


.02 


5 

.00142 

.20 

To]>s 

.5427 


16..)6 


1.06 


.064 


.36 






.6353 

.5800 

17.70 

17.17 

1.33 

1.19 

.051 

.058 

.50 

.43 




Roots 

.6238 

.3119 

29.50 


.350 


.010 


.16 


6 

.00356 

.20 

Tops 

2715 


14.76 


1.32 


.097 


1.18 






.2632 

.2673 

17.00 

15.92 

1.23 

1.27 

.133 

.115 

1.02 

1.10 




Roots 

.2106 

.1008 

20.03 


1.13 


.018 


.98 


7 

.0058 

.20 

To]»s 

.1702 


20.03 


2.37 


.256 


.800 






.251 i 

.21.53 

20.92 

20.47 

2.08 

2.22 

.297 

.276 

.900 

.85 




Roots 

.0636 

.0318 

29.30 


1.68 


.020 


.200 


H 

.0168 

.20 

Top.s 

.3203 


17.03 


.584 


.246 


.148 






.4303 

.3843 

10.08 

18.05 

.460 

.522 

.175 

.210 

.120 

.134 




Roots 

.3565 

.1783 

28.04 


.505 


.019 


.06 



Grown December 9-Janimry 19, 1910. 


Iron determined eolorimetrically in this series. 
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Fi}r. 14 

Ferric Chloride + Caleiimi Cliloriile 
(See Table 14) 
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Table 15 

Ferric Chloride -f Magnesium Chloride 














C Wl 





Solution 





a 

cS 


a 

es 

R 03 

n 

a 


d 

IS 

U 

S 

No. 

FeCla 

MgCls 

Dry Weight 


® 

p-l 

s 

£ ® 

V 

o 

di 

iS 

ft” O 

dl 

S 

1 

.000089 

.20 

Tops 

.9650 


18.48 


.182 


.874 


.091 






.7444 

.8547 

18.70 

19.59 

.163 

.172 

.833 

.853 

.111 

.101 




Roots 

.6126 

.3063 

25.05 


.204 


.547 


.047 


2 

.000168 

.20 

Tops 

.7875 


18.12 


.181 


.189 


.210 






.9525 

.8700 

18.67 

18.44 

.164 

.172 

.191 

.190 

... . 

.210 




Roots 

.6816 

.3408 

21.40 


.229 


.553 


.033 


3 

.000352 

.20 

Tops 

.8787 


15.17 


.172 


.218 


.067 






.7365 

.8076 

17.15 

16.16 

.137 

.154 

.310 

.264 

.073 

.070 




Roots 

.6525 

.3262 

22.95 


.176 


.515 


... 


4 

.000712 

.20 

Tops 

1.0414 


16.77 


.324 


.116 


.093 






1.1515 

1.1464 

17.57 

17.17 

.311 

.317 

.119 

.117 

.094 

.093 




Roots 

.4837 

.2418 

21.86 


.258 


.503 


.057 


5 

.00142 

.20 

Tops 

.6648 


17.4(i 


.209 


.069 


.233 






.7927 

.7287 

16.22 

16.81 

.185 

.*197 

.103 

.086 

.209 

.221 




Roots 

.4627 

.2313 

22.12 


.258 


.093 

• 

.05s 


6 

.00356 

.20 

Toj»s 

1.1639 


16.50 


.176 


.153 


.147 






.9476 

1.05.57 

16.10 

16.30 

.109 

.142 


.153 

.128 

.137 




Roots 

.3298 

.1649 

20.28 


.433 


.936 


.066 


7 

.0058 

.20 

Tops 

.6608 


17.08 


.340 


.218 


.040 






,61S9 

.7398 

16.07 

16.57 

.400 

.370 

.23 4 

.226 


.040 




Roots 

.4846 

.2423 

20.09 


.235 


.788 


.050 


8 

.0168 

.20 

Tops 

1.0927 


18.96 


.344 


1.020 


.140 






1.0824 

1.0875 

20.05 

19.45 

.391 

.367 

1.100 

1.06 

.120 

.130 




Roots 

.6358 

.3179 

21.05 


.177 


.262 


.051 



Grown January 24~MaTch 6, 1916. 
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1.2 - 



4. I I I I I I • 

1 2 3 4 5 (> T 8 


Fig. 15 

Ferric Chloride + Magnesium Chloride 
(See Table 15) 
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Table 16 
Cop])er Chloride 


V 

U tt, 


No. 

Solution 

CuClo 

Drv Weight 

Mean 

Percent 
of Ash 

Mean 

Percent 
of Ca 

Mean 

Percent 
of Mr 

Mean 

Percent 
of Fe 

Mean 

Percent 
of Cu 

Mean 

1 

.000038 

TojjS 

.4611 


25.60 


.425 


.]!)4 

.120 






Roots 

.4692 

.4651 

23.60 

24.60 

.420 

.412 

.191 .192 

.201 

.160 



o 

.000079 Tops 

.2492 


20.20 


.455 


.716 

.155 






Roots 

.3242 

.2867 

24.12 

22.16 

.563 

.509 

.723 .719 

.221 

.188 



3 

.00015 

Tops 

.3887 


24..50 


.312 


1.10 

.114 






Roots 

.4198 

.4042 

2.j.3(l 

24.90 

.361 

.336 

.90 1.00 

.0261 

.070 



4 

.00031 

Tops 

.2744 


18.45 


.150 


1.43 

.040 


.001 




Roots 


.1372 


18.45 


.150 

^ 1.48 


.040 



0 

.00047 

To})s 

.2581 


22.00 


.176 


1.35 

.214 






Roots 

.2344 

,2462 

18.10 

20.05 

.102 

.139 

1.02 1.18 

.0i»4 

.154 

.002 

.002 

6 

.00063 

Tops 

,0785 


19.10 


.254 


3.77 







Hotds 

.0700 

.0742 

18.21 

18.65 

.425 

.339 

5.10, 4.43 

.248. 

.248 

.005 

.004 

7 

.00079 

Tops 














Hoots 


No 

growth. 









h 

.00198 

Tops 














Roots 


No frrowth. 









9 

.003JI2 

Toj»s 














Hoots 


No 

^n‘owth. 









Full 













Nutrient 

Tops 1.1234 


19.20 


.311 


.213 







1.026S 

1.0751 

21.00 

20.10 

.241 

.276 

.199 .206 







Hoots 

.7210 


18.99 


.299 


.216 






Grown ^larch 9- April 20, 1916. 
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Fig. 16 

Co}>i>6r Chloride 
(See Table 16) 



Copper C’hloride -j- Ferric Chloride 
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Grown April 14~May 27, 1916. 
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Pig. 17 

Covi'pr < hloriiie + Ferric t’hlorWe 
(See Table 17) 
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Table 18 


Mercuric Chloride + Copper Chloride 








& 


4) 

U 

X 


Si 

S 



Solution 

K 



c 

eS 

Z< 

a 

0 

i- 

fl 

08 

C U) 

fl 

CB 

No. 

HgCls 

GuCla 

Dry Weijrht 


a' ® 



Cf 

(S ® 

S 

1 

.0000047 

.0000023 

Tops 

.1175 


20.15 


.674 


1.21 






.1608 

.1392 

21.20 

20.67 

.517 

.595 

.035 

1.07 




Roots 

.0869 

.0434 

18.65 


1.220 


.276 


2 

.0000094 

.0000047 

Tof)B 

.1792 


20.00 


,531 


.873 






.2675 

.2233 

20.32 

20.16 

.612 

.572 

.942 

.907 




Roots 

.0846 

.0423 

16.71 


1.410 


.291 


3 

.0000184 

.0000094 

Tops 

.3778 


24.70 


.493 


.488 






.3328 

.3503 

23.30 

24.30 

.570 

.531 


.488 




Roots 

.0928 

.0467 

1 5.45 


1 360 


.211 


4 

.000047 

.000023 

Tops 

.3600 


21.22 


.431 


.8.34 






.2334 

.2967 

23.20 

22.21 

.521 

.471 

.921 

.877 




Roots 

.1109 

.0554 

17.32 




.361 


5 

.000004 

.000047 

Tops 

.3643 


22.00 


.359 


.737 






.4372 

.4007 

20.12 

21.06 

.354 

.356 

.695 

.716 




Roots 

.1109 

.0.554 

17.,32 




.361 


6 

.000189 

.000094 

Toi>8 

.2385 


22,30 


.521 


.921 






.3105 

.2745 

24.71 

23.50 

.503 

.512 

.973 

.947 




Roots 

.1146 

.0573 

12.71 


1.340 


.333 


7 

.000378 

.000188 

Tops 

.1500 


21.60 


.573 


1.212 






.2150 

.1825 

23.40 

22.50 

.672 

.622 

1.071 

1.14 




Roots 

.0609 

,0304 

32.82 




.412 



Grown January 24~March 6, 1016. 
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Fiff. 18 

Mercuric (Hiloride 
(See Table 18) 
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Table 19 


Copper Sulphate 
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« 


96 


a 


w 

96 


06 

No. 

Solution 

CuSO* 

Drv Weight 

Mean 

Percen 
of A&b 

Mean 

S d 

to 

Mean 

Percen 
of Mg 

Mean 

Percent 
of Fe 

Mean 

Percent 
of Cu 

1 

.0900048 

Tops 

.6148 


22.80 


.104 


.331 


.081 






.7726 

.6il37 

21.71 

22.21 

.117 

.110 

.120 

.425 

.071 

.076 




Koots 

.4406 

.2203 

20.61 


.113 


.148 


.088 


.001 

o 

.0000094 

Tops 

,.1394 


21.42 


.066 


.411 


.092 






.8462 

.6928 

17.10 

17.46 

.016 

.061 

.177 

.446 

.018 

.071 




Koots 

.4r)12 

.2216 

16.40 




1.010 


.073 


.001 

3 

.0000188 

Toi)S 

.4712 


24.40 


.177 


.033 


.093 






.3128 

.3920 

18.90 

21.61 

.231 

.201 

.743 

.688 

.070 

.082 




Koots 

.2948 

.1474 

22.10 




1.170 


.016 


.001 

4 

.0000378 

To}»s 



22.02 


.021 


.210 








l.(KiO 

1.2967 

18.90 

20.46 

.018 

.020 

2.09 

2.09 

.021 

.021 




Koots 

.9436 

.4718 

18.81 


.083 


.211 


.061 


.003 

o 

.0000:)G7 

To[>.s 

.7.144 


21.18 


.101 


.321 


.036 






.8022 

.7783 

20.41 

20.81 

.106 

.101 

.376 

.318 

.018 

.042 




l?oots 

..126.1 

.2632 

18.10 


.128 


.317 


.010 


.004 

6 

.00007.’)j 

Tops 

.7.198 


21.60 


.116 


.470 


.018 






.6632 

.7121 

20.83 

21.41 

.1 17 

.111 

.396 

.433 

.010 

.014 




Koots 

..1889 

.2944 

19.71 


.101 


.377 


.081 


.001 

7 

.000094.') 

Toj)S 

.3339 


23.21 


.374 


.643 


.011 






.2439 

.2889 

23.60 

23.41 

.294 

.334 

.800 

.721 

.011 

.013 




Koots 

.1.167 

.0783 

1,8.00 


.982 


2.08 




.002 

8 

.000 1 S9 

Tops 

.3267 


22.61 


.673 


.<130 








.3786 

.3.126 

24.80 

23.70 

.180 

.176 

.917 

.788 






Koots 

.1630 

.0811 

21.40 


1.430 


1.4’iO 




.002 

9 

.000378 

Tops 

.2691 


21.22 


.130 


1.31 








.2372 

.2133 

22 00 

23.11 

.407 

.469 

1 .34 

1,32 






Koots ,0690 

.0348 

23.80 


1.13 






.008 


Grown April 14-May 27, 1910. 
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(See Tabic 19) 



Table 20 

Copper Sulphate -f- Zinc Sulphate 
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Grown March 22-May 3. 1916. 
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Fig. 20 

Coj)per Sulphate -f Zinc Sulphate 
(See Table 20) 
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21 

Ooj>l)or Sulphate 4- Ferrii* Sulj)hatc 
(See Table 21) 
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Table 22 


Ferric Sulphate 
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1 

.0000014 

Tops 

2.2399 


17.09 


.107 


.098 


.246 




1.3062 

1.7730 

17.55 
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.103 

.113 
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.281 .263 



Roots 

1.0626 
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.763 
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.5313 
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.763 
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2 
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Tops 

1.9198 
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1.7210 

20.21 
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.117 
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.071 
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Roots 
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.013 
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.220 
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.6769 
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.0000070 

Tops 
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Tops 
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.041 
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Roots 
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27.20 


.022 
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1.1111 
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28.31 
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.217 
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Tops 
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14.80 


.018 
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.236 




3.6033 

3.9016 

15.15 

14.97 

.017 

.017 

.073 

.072 

.268 .252 



Roots 

.9813 


25.81 


.056 


.134 


.103 




.9168 

.9490 

26.00 

25.90 

.077 

.067 

.118 

.128 

.129 .116 

Full Nutrient 

Toj>s 

1.5682 


18..33 


.293 


.231 






1.5775 

1.5728 

19.40 

18.86 

.312 

.302 

.279 

.255 




Roots 

.9776 


20.40 


.271 


.279 




Grown April 22--June 3, 1016. 
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Table 23 
Zinc Sulphate 


No 

Solution 

ZnSOt 

Dry Weight 

Mean 

Percent 
of Ash 

Mean 

Percent 
of Ca 

Mean 

Percent 
of Mg 

Mean 

Percent 
of Pe 

1 

.00000767 

Tops 

.6718 


23.00 


.324 


.374 


.0622 




.7541 

.7120 

24.04 

23.52 

.341 

.332 

.560 

.467 

.0587 



Boots 

.6138 

.3069 

17.88 


.191 
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.0000131 

Tops 

.7164 


25.30 


.326 


.310 


.121 




.8350 

.7757 

24.65 

25.07 

.284 

.305 

.386 

.348 

.101 



Boots 

.6000 

.3004 

17.20 


.187 


.358 


.101 

3 

.0000395 

Topg 

.6142 


21,19 


.372 


.324 


.0708 




.8607 

.7374 

22.50 

21.84 

.316 

.344 

.320 

.322 

.0644 



Boots 

.5864 

.2932 

15.90 


.166 


.886 
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.(tool.):! 

Tops 
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21.90 
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Roots 
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r, 
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Tops 

.8208 


20.38 


.200 


.321 


.073 




Lost 

.4104 


20.38 


.200 


.321 




Boots 

.4432 

.2216 

22.30 


.053 


.810 


.017 

Full Nutrient 

Tops 

1.0992 


20.17 


.310 


.268 






1.0750 

1.0872 

19.12 

18.69 

.297 

.303 

.228 

.224 




Boots 

.8120 


20.00 


.271 


.233 




sm 


.073 


Grown January 24-March 6, 1016. 
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Table 24 


Zinc Sulphate -f Ferric Sulj»hate 














o 










0 


C tUD 


0 



Solution 

jK. 



s 

t< 

a 

0 

ru 

G 

0 


c; 

0 


G 

0 

No. 

'ZnSO* 

FeaCSOils 

Dry Weight 





& 

(i ® 




1 

.0000019 .0000035 Tops 

1.0604 


18.50 


.096 


.215 


.031 






1.5294 

3.2944 

18.70 

18.60 

.098 

.097 

.230 

.222 

.029 

.030 




Roots 

.10444 

.5222 

29.80 


.045 


.149 


.037 


2 

.0000038 

.000005 

Tops 

1.6364 


18.60 


.149 


.262 


.036 





1.4864 

1.5114 

16.10 

17.36 

.170 

.159 

.231 

.247 

.030 

.033 




Roots 

1.0716 

.5258 

31.00 


.042 


.184 


.082 


3 

.0000037 

.000007 

Tops 

1.2300 


18.10 


.172 


.288 


.076 





1.6150 

3.4226 

16.90 

17.00 

.124 

.140 

.277 

.282 

.064 

.070 




Roots 

1.1250 

.5625 

32.30 


.058 


.130 


.010 


4 

.0000076 

.000014 

Tops 

2.3088 


16.40 


.083 


.110 


.066 





2.6100 

2.4094 

17.00 

16.70 

.098 

.090 

.111 

.110 

.062 

.063 




Roots 

1.5623 

.7812 

28.{)0 


.010 


.139 


.061 


5 

.0000162 

.000028 

Tops 

2.3429 


16.70 


.164 


.161 


.062 





2.0129 

2.1774 

15.70 

16.70 

.147 

.150 

.158 

.164 

.046 

.049 




Roots 

1.6133 

.7566 

30.30 


.060 


.103 


.069 


6 

.0000370 

.000070 

To])s 

2.0633 


18.10 


.160 


122 


.042 





1 .6644 

1.8038 

16.20 

17.15 

.160 

.160 

!i61 

.136 

.049 

.046 




Roots 

1.4194 

,7097 

26.30 


.026 


.243 


.141 


7 

.000076 

.00014 

To])S 

1.6164 


18.40 


.167 




.0412 





1.7228 

1.6696 

19.70 

19.05 

.144 

.150 

.201 


.0412 

.043 




Roots 

1.7611 

.8801 

27.00 


.019 


.317 


.128 


8 

.000162 

.00028 

Tops 

.08.60 


18.35 


.179 


.219 


.046 





1.0268 

1.0029 

20.00 

19.17 

.176 

.177 

.282 

.250 

.042 

.043 




Roots 

.6987 

.3493 

27.30 


.006 


.367 





drown A]irjl 24-.June 6, 1916. 
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TABLE 25 

Mercuric Chloride + Ferric Sulphate 


Solution G 

^ * > $ 

No. HgClo F02(SO*)a Dry Weight S 

1 .0000047 .0000035 Tops .2039 

.2868 .2553 
Itoots .0518 .0259 

2 .0000094 .0000070 Tops .2569 

.3579 .3074 
Roots .0869 .0434 

3 .0000189 .00005 Tops .2042 

.2996 .2519 
Roots .0896 .0448 

4 .000047 .00014 Tops .2362 

.2300 .2331 
Roots .0596 .0298 

5 .000094 .0007 Tops .2396 

Lost .2396 
Roots .0237 .0118 

6 .000189 .00105 Tops .2288 

.2988 .2638 
Roots .0784 .0392 


(t 

bfi 


0) 

be 

be 

OS 


cS 






C'S 



S bfi 


a 

s 

sa s 



A.® S 


22.40 


.233 

.723 

16.70 

19.55 

.179 .206 

.513 .618 

18.70 


.840 

2.670 

21.75 


.123 

.327 

21.90 

21.82 

.138 .230 

.515 .421 

18.90 


.222 

2.95 

16.70 


.172 

.371 

19.40 

18.05 

.231 .201 

.412 .391 

18.13 


.271 

.312 

17.32 


.192 

.416 

17.41 

17.,36 

.183 .187 

.51 1 .463 

19.01 


.221 

2.110 

16.10 


.420 

.100 



16.10 

420 

100 

1,5.50 


.151 

4.580 

16.70 


.201 

.731 

17.20 

21.30 

16.05 

.131 .166 

.807 .769 
2.170 


7 .000378 .00210 Tops .2184 15.61 .190 .895 .101 

.4272 .3228 17.40 16.50 .102 .146 .550 .722 .157 .129 

Roots .0496 .0248 18.10 .232 .738 .222 


Grown March 22 -May 3, 1916. 


Not enough i»re*<eiit to determine. Percentage 

* of Pe 
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1 . 0 - 



Fig. 2o 

^lereuric Chloride -{- Ferric Sul}>hate 
(See Table 2.'*) 
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Table 26 
Mercuric Chloride 


a A 


No, 

Solution 

HgCla 

Dry Woight 

Mean 

t< 

S3 

iC 
^ o 

3 

i, 

53 

tS3 

Mean 

i-z 

Mean 

1 

.00001 3.1 

Tojis 

.4004 


17.20 


.141 


.01 


.248 





.4067 

.4031 

16.71 

16.05 

.008 

.120 


,\n 


.248 



Roots 

.1403 

.0746 

10.31 


.478 


.803 


.2i»6 


2 

.000066 

Tops 

.2200 


11.70 


.332 


1.60 


.010 





,2236 

.2218 

14.24 

14.07 

.380 

.356 

1.77 

1.73 

.017 

.013 



Roots 

.0239 

.0119 

10..10 


4.31 


.771 


.013 


3 

.00013.1 

Tojis 

.1114 


0.12 


.421 

$ 

1.23 


.012 





.1421 

.1467 

8.01 

0.03 

.300 

.410 

1.33 

1 .28 

.013 

.012 


Knots 


On.wii March 14-Ai)ril 24, 11)16. 



1918] 


Waynick: Antagonism and Cell FermeahiJity 



210 


Fij?. 26 

Mercuric Chloride 
(See Table 26) 



EXPLANATION OF PLATES 

PLATE 13 

Appearance of plants as mounted in corks at 
expiration of the six weeks' ^rowin^ period. 


[ 220 ] 






ISTo. 

1. 

.24 

M. MgCla .004 

2SC. CaCla 

No. 


.24 

M. .01 

JVC. CaCla 

OSTo. 

3. 

.24 

M. MgCla .02 
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No. 

4. 

.24 
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No. 

SL 

^4 

M. MgrOla .08 

»C. OaCla 
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e. 
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No. 

T. 

.24 
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to. 
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11. 
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PLATE 15 


No. 

1. 
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M. HAgaU .004 

M. CaOla 

No. 

2. 

.30 

M. -Ol 

M. Oa.Cl» 

No. 
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.30 

M, .02 
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4. 
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M. MgOl, .04 

M. C«iCl* 

No. 
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M. .oe 

M. eaCl, 

No. 

e. 
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8. 
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ivx. 

JECCJl 

JNTo. 

-4r. 

.4 0 
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1- 
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JPLATE 20 
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.000094 

M. CuCl. .00082 
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.000067 

M. CuCL^ .000058 
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fV^AYMCK I P^ATE 21 


PLATE 22 

No. 1. .0000047 M. CuSo^ .0000035 M. 

No. 2. .0000094 M. CuSo* .0000070 M. Pe* (SO^), 

No. 3. .0000142 M. CuSo* .0000105 M. Pe, (SO*), 

No- 4. .0000189 M. CuSo* .000014 Pe« (SO*), 

No. 5. .0000378 M. CuSo* .000028 M. Pe, (SO*), 

No. 6. .000094 M. CuSo* .000070 M. Pe, (SO*), 

No. 7. .000142 M. CuSo* .000105 M. Pe, (SO*)', 

No. 8. .000189 M. CuSo* .00014 M. Pe, (SO*), 

No. 9. .00058 M. CuSo* .00028 M. Pe, (SO*), 

Control. 
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M. 

H^Cla 

No. 3. 

.00003 35 

JSOl. 
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VARIABILITY IN kSOJLR ANT) ITS STONIFI- 
0AN(^E TO PAST AND FUTURE 
SOIL INVESTIOATIONS 

T. A STATLSTK’AL STUDY OF NITKIFICATTON IN SOTIj 

BY 

DEAM DAVID WAVNK’K 


Tt is very geiK'rally n‘(*ognizeil that diffi^rent soils vary widely as 
refrarda th(dr physical, ehemical, and bioloc^ic'al nature. Tt has also 
l)(‘en reeo^?nized amon^ soil investif?ators, a1 least, that difTerent samples 
of 1h(* sam(‘ soil ty])<‘ taken from a eomparalivuly limit(‘d area may 
show (‘Onsiderahle variation amon" theinselv(‘s if w(* apply quantitalive 
measuremeiils to tlie various eonstitnents of the soil mass. Jn any small 
area of th(* size usually employed in field expej'iments. 1hesi‘ variations 
s(*(*m to have been repirded as of siieh limited ma^nitinh* as to !)(» 
worthy of but secondary consideration. Tn many instancies, a single 
sample from such an area has been taken and the assumption made 
that it represented the entin* soil mass of line diqith to which it was 
taken. In other words, tin' soil lias been considered as a constant to 
whii'li no <*orreetions m'ed \n^ applieil. Most workers in the field of 
soils have been (‘ontimt with taking relatively t\wv samples and regard- 
ing det(‘rminations made upon thi* com]>osit<‘ of these samjiles as accur- 
ate within th(» limits ot* I'rror of the exjierimi'nt. That the \ariations 
between difl'erent samples taki'ii from a small area may be of sucii 
magnitudes as to bring ex])erimental data obtaiiunl with oiu' or a 
limited number of samples into very serious (juestion. or t*ven to 
invalidate sucli data entirely, seems not to have been considen^d. It 
is the purpose of tliis pa])er to em]>hasize th(‘ importam^e ot this pliase 
of soil investigation as regards botli ]>ast and future endeavors. 

Tt is obviously impossible, wdthin the limits of a single ])a])i*r, to 
consider the variations which characterize all th(‘ constituents of any 
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g:iv('n soil, so that tlu* results reported at the present time relate only 
to one phase of the biochemistry of soils. But few attempts have b('en 
ma(I(» by invc'sti gators to determine actually the magnitude of varia- 
bdity in tliosc^ produ(‘ts of microbrganie activity which are capable of 
<(nantitative measurement and in no instance has a mathemati(*al inter- 
pretation been attemptc'd with such measurements. Tluo'e are but 
three references in the literature, as far as the writer is aware, 
dealing with this })hase of the biochemistry of soils, and noiu* of them 
is ext<‘nsiv(‘ enough to bo of any value as statistical studies of varia- 
bility. A number of i)apers* have appeared dealing with th(‘ variation 
in the weight of the croj) ])roduced over dilfercmt parts of an appar- 
ently uniform field. Such variations retlect the variability of the soil, 
serving sim])ly as a substratum for the growth of jilants, but it is 
evident that the variations lad ween siudi m(‘asurements as thos(‘ giv(‘n 
do not depend ii]K)n the soil as the only variable fatdor. Any attc'mpt 
to ('orrelat(» the (*rop produced on any given soil with the chemi(‘al 
comiiosition of that soil, for instance, must n(‘C(*ssarily take into acinmnt 
variations in both (Top and soil. In fact, it appears to th<' writ(‘r that 
any correlation whicdi may (‘xist b(d^^(Mm the prop»‘rtK‘s of any giv(*n 
soil and its cro])-prodiicing power can only be worked out by the 
statistical interpndation of data obtained as re(*orded below% togeth(*r 
w'ith the data se(mred in a similar inanntT for th(^ crops produc(‘d on 
that soil. Tlu‘ problem of variability in the soil itself is w’ortliN of 
('areful (experimental study, liotli from tin* standj)oint of soil inv(\stiga- 
tions in tlumiselves and from that of their possible luearing upon the 
problems of variability in ticdd experiimmts with crops. The results 
(d* such a study, as regards nitrate jiroduction, are pn*sent(*d ludow'. 


Methods 

The ti(dd sel(*et(*d was one on th(‘ ITiiversity Farm at Davis. For 
the thr(‘e yc^ars pre('('ding 1917, corn, Sudan grass, and grain sorghum 
had been grown in the order naiiKHl. In 1917, the field wan allow’cnl 
to lie fallow^ and at the time the sainph\s wvre talum fO(*t. 20), wtis 
free of vt\<Ttation of any kind. No rain had falhui sinc'c April so that 
the surfa(‘e soil was practically air-dry, the subsoil, how'ev(U', Ixung (piitt‘ 
moist. The soil is (dassified as a silty clay loam. The particular an»a 
chosen w^as api)ar(mtly as uniform as one could wxdl find, bcdng level, 
of uniform tc^xture and (‘olor. and five from small local depr(*ssions 
of any kind. 
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The samples were taken at the loeatioiis as shown in figure ], the 
diameter of the plot being one hundred f(‘(d. Eaeh niimb(*r in the 
following table represents two sanij)les, soil and subsoil, the latter Utui 
being used for eonvenien(‘e in expression rather than to n‘pr(‘sen1 any 
sharp line of demareation between the two sam])l(^s taken at any giv(m 



U — -- so' 


Fiji. 1 

pla(‘(‘. All th(^ surl'aee samples were taken with a trowel to a depth of 
six inehes, an area having a diameter of ap]>roxiinatt*ly six inelu's being 
ineluded in eaeh samj)h*. The subsoil sanii)les were taken with a three- 
ineh aug(U‘ to a de])th of twenty-four inehes and, thtu’efore, n^present 
the se(*tion from six to hventy-four inehes in depth. All the samples 
were placed in sterile soil bags as soon as taken, tlu* total amount of 
soil in (^aeh sample being about twice that iie(‘(‘ssary for the laboratory 
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(IctermiiiatioJtis. Not mon^ than twenty-four hours elapsed betwecui the 
time the first sample was taken and the time all the samples were at 
the express office ready for sliipment to BtTkeley, where they arrived 
forty-ei^ht hours later. 

At th(‘ laboratory, the samples were allowed to air-dry for six days 
in the original canvas bag:s, this tinu* for drying being necessary be(*ause 
of the moisture ])res(uit in the suksoil samples. At the (expiration of 
the six-day period all of the sam})l(^s were si(‘ved through a two-milli- 
meter sieve and four one hundred gram ]>orti()ns of (‘a(*h sample 
W(eighed into tumblers. One tumbler from eacdi sample was r(^s(erv(ed 
for the d(etermination (^f residual nitrate; to a se(*()nd no nitrogi'n (*om- 
pouiids were added, and to the others two-tenths of a gram of am- 
monium sulfate and one gram of dried blood, n^specdivcdy, these 
amounts having becm most fn*(|uently us(‘d in Tiitrifit^ation (experiments 
ill this laboratory. AH th(‘ tumbl(‘rs winv brought to an ojitimum 
moisture content by the addition of t\\(‘nty cubic (Meni iui(*t(*rs of stcerih* 
distill(‘d water and ])la(‘(ed in the incubator at 28' V for tw(*nty-(*ight 
days. During the incubation ])eriod, th<‘ watcu* lost was r(*pla(*(»d at 
W(‘ekly intervals. At the exfiiration of that p(Tiod. the soil was dri(*d 
at a tcmp<‘rature of 100^ and the nitrates d(‘t(‘rmin<‘d (*olorim<‘t ri- 
cally by the iilumoldisulfonic acid ni(*thod as mo(iifi(‘d b\ liipman and 
Shar])."' All r(\sults are report(‘d as milligrams of nitrat(‘ nitrogtm in 
one hundred grams of soil. 

It was not dcM'imed meecssary to mak(‘ duplicat(‘ d(‘t(‘rminations on 
ali the samples, sin(*e from })revious r(\sults s(*(nir(*d in this laboratory, 
the variation Ixetwecn du{)li(*ates, as n^gards nitrific-ation studit's, is 
small and w<dl within tin* limits of the (‘rror made in tin* r(‘adings, 
wliieli V(er(* iKwer nef'orded in this study furth(‘r than to ome-t(‘nth of 
a milligram of nitrate nitrogen. Aside from this fact, it is doubtful 
if du])li<'ate determinations are of valm* in f*xp(‘riments of this kind in 
which the \ariation betwe(*n the sainpDs was found to be so larg(*. 

Tin* amount of nitrate nitrog(*n produc(‘d was chostm as the criterion 
of variability b(M*ause of the generally accepti^d id(‘a that nitrate 
nitrogim is more direidly available to plants than other nitrogim (*om- 
binations and for that reason more significanc'e may rightly be attaclK^l 
to th(‘ amount of nitrati* nitrog(‘n found or produc(*d in any giv(*n soil. 
Then, too, sm-dl amounts of iiitrat(» may be determined rapidly, wdth 
a V(u\y fair d(‘gre(' of accuraiw, and moHMiver, are less subj(»ct to 
fluctuations in the duplicate d(dermination as dis(;uss(Ml above. Tin* 
al)solute a(‘cura(*y of the nitrat(‘ (hdcTinination by the phenoldisulfonic 
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acid method is not of moment in this (*onn(TtioTi, beeause neither very 
low nor very high amounts of nitrate were (wer detc^rmined and all 
of the determinations are directly comparable one with the other, sin(*(‘ 
exactly the same procedure was followed in cvctv (*ase. 

It must be emphasized that no attempt has b(*en made to se^gregate 
the causes of variation and the results as given are the summation of 
all the factors which are of importance in causing differenc(*s between 
samples. All the work was done* in a cand'ul manner with due atten- 
tion to detail, tio new or modified procedure being attempted. The 
results of this study, therefore, an* intended to serve* as a liasis for 
interpreting the* mass of data which has already been obtained by soil 
biologists and to emphasize the extreme importance of applying statis- 
tical m(‘thods to results secured in the future b(‘for(‘ th(*ir value as 
contributions to s(*i(‘n(‘e or practice can be* re(*(>giiiz(‘d. 

('\LCrLVT10NS^^ 

The amounts of nitrate* found are reported in tables ^ to 4. follow- 
ijig, the individual det(*rminations always b(‘ing giv(‘n. The* mathe*- 
niatie*al treatment will be* discusse*d briefly from the data given in 
table* 1, the disemssion being applie^able to all the* table*s as w'(*ll. 

The ni(*an as give*n is obtained by dividing the siun e)f all the* 
dete*rminations by tlie numb(*r e>f de*te*rminafions This figure* repre*- 
sents, therefe)re, a hypothetical e*omposite* sample of all the sam]de*s 
take*!!. The deviation from the* nie*an of an\ d(*termination is femnel 
by taking the difference between the mean and tlie indivielual re*sidt. 
The me*an de*viatioii eef a seri(‘s of de*te*rminatieuis is an ex])n*ssion e>f 
the* average amemiit any single obse*rvatioii take*n at random is likely 
to differ from the me*an of the series. This figure* may l>e e*ither plus 
e)r minus, but as the sign is of no importam*e as regards sid)se(|uemt 
(*alculations, it is n<d rei*orde‘d but may easily be founel In in.spe-^dion. 
The standard deviation (a) is found, after the* manner usual in statis- 
ti<*al inve*stigations, by sepiaring the deviation e)f (*a(*h eleterminatioii 
from the mean, taking the sum of the sepia re*s thus found, dividing this 
figure by the total number of dete*rminations made* and taking the^ 
sepiare root eif the ejuotient. The j)e*ree*ntag(‘ ratiei e>f the standard 
deviation to the mean expresses the coefbeuent of variability ((W.) 
for a given seri(*s of determinations. It is an (‘xpre*ssion of the p(*r- 
(*(*ntage deviation on either side of the mean, within w4ii(*h a])proxi- 
malely twui-thirds of the determinations may be (*xpecte*el to lie. The 
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of VHri{d)ility of tho amount of nitrate as found in the field 
soil is hif?h, no less than 25.9 dz 2.1 per eent in the surface six inches 
and 51.4 ± d.5 per <*ent in the vertical section from six to twenty-four 
iiK'hes. 94ie raii^e, therefore, within whi(*h two-thirds of the deti'r- 
miiiations may be expected to fall is from 2,0 to 3.4 milligrams in the 
surface soil and from 0.3 to 1.1 milligram in the subsoil. The extreme 
range is. of (*ourse, much greater than this, but the bulk of the deter- 
luiuatioiis fall within the limits given. 

A single d(‘termination, or the mean of a series of determinations 
(*an iKTtT be an absolute value and hence before any large' de'gree of 
(confidence* can be jdace'd in any ('xperime'iital re'siilt, its eh^'gree* of 
reliability must be kmwu. The reliability of any determination is 
e‘xpr('sse»d by the probalile error {E) of the deterniinatiem. This 
figure is of such a magnitude that the* probability of making an error 
gr<‘at(T than it is (Mjual to the ])robability of making an error h‘ss than 
it, both probabilitie's b(*ing one-half. 

The* probable e'rror (Es) of a single* de*t('rmination is caleculate'd 
by the* formula 

Ei,— ±4)745 

wli(*?*e <r is the standard deviation, as given above, and if the numb<*r of 
determinations. Since with a single determination the \^)i is ('(jual to 1 
Ei, ±.f)745 X fr. 

or in otli(*r words, the* ])robable euTor of a single variant is esjual to 
approximate'ly two-thirds of the standarel deviation of the* s(‘rie*s in 
whieti it lie*s. The probable (*rror of the me*an (E^^), is giv(*n by tin* 
formula 

___ ^ ___ X 

\/ ll 

Em vill vary as tlie square root of the number of d(‘t(*rminations and 
thus d(*(*r(*ase\s but slowly as we* incre'case the numb(*r of d(te*rmiiiations. 
Tlie* ])robal)le error (Ea) of the standarel deviation is caleuilateHl from 
the formula 

E(t - - ± .(>745 

\/'2n 

and for the coeffi(*ient of variability: 

wlicii r. I', is than ten per eent as is tin* ease with the results 

n'conled below. 
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TABLE 1 



1' 

'-6'' 

A 

Residual Nitrate in Soil as Sampled 

6"-24" I "-IP' 

A 

6"- 

-24" 


Nitrate 

Devia- 

Nitrate 

Devia 

Nitrate 

\ 

l,>e\ia- 

Nitrate 

Devia- 


iiitro* 

tion from 

nitro- 

tion from 


nitro- tion from 

nitrn 

tion from 

\o. 

K<'n 

nu>an -+- 

gen 

mean H- 

No 

gen 1 

mean +• 

g<*n 

mean 


Mgs. 

Mgs. 

Mgs. 

Mgs. 


Mgs, 

Mgs. 

Mgs 

Mgs 

1 

2..) 

0.2 

1.0 

0.3 

42 

3.0 

0.3 

0.6 

0.1 

2 

2.8 

0.1 

1.1 

0.4 

43 

3.4 

0.7 

0.7 

0.0 

3 

3.0 

0.3 

J.O 

0.3 

44 

1.8 

0.9 

0.1 

0.2 

4 

2.3 

0.2 

1.2 

O.f) 

45 

2.5 

0.2 

0.6 

0.1 

.1 

3.8 

1.1 

1.9 

1.2 

46 

2.1 

0.6 

0.1 

0.2 

6 

2.7 

0.0 

1..1 

0.8 

47 

4.0 

1.3 

0.8 

0.1 

7 

3.3 

0.6 

l..i 

0.8 

48 

3.1 

0.4 

0.6 

0.1 

S 

3.2 

0.1 

1.2 

0..1 

49 

4.4 

1.7 

0.4 

0.3 

9 

2..1 

0.2 

1.2 

0..1 

10 

3.1 

0.8 

0.1 

0.2 

10 

2.9 

0.2 

1.4 

0.7 

n 

2.3 

0.4 

0.7 

0.0 

11 

3.0 

0.3 

1..! 

0 8 

12 

3.1 

0.4 

o.t; 

0.1 

12 

2.7 

0.0 

0.8 

0.1 

13 

2.3 

0.4 

0.8 

0.1 

13 

1.9 

0.8 

1.2 

0.1 

14 

•) •> 

0.4 

0,6 

0.1 

14 

3.7 

1.0 

1.1 

0 4 

11 

1.4 

1.3 

0.8 

0 1 

13 

3.8 

1.1 

0 8 

0.1 

16 

2.1 

0.2 

0..1 

0.2 

10 

3.0 

0 3 

1.0 

0.3 

17 

1.8 

0.9 

0.1 

0.2 

17 

2.0 

0.7 

0 8 

0.1 

18 

1.7 

1.0 

0.4 

0.3 

IS 

2.2 

0.1 

1.0 

0.3 

19 

1 3 

0.4 

0.1 

0.2 

19 

2.9 

0.2 

1.0 

0.3 

60 

2.0 

0.7 

0.4 

0.3 

20 

3..1 

o.s 

0.8 

0.1 

61 

1.1 

1.2 

0.4 

0.3 

21 

3.0 

0.3 

1.0 

0.3 

62 

4 0 

1.3 

0.4 

0.3 

• It) 

4..1 

1.8 

0.8 

0 1 

63 

3.0 

0 3 

0.3 

0.4 

23 


0.8 

0.9 

0 2 

64 

3 0 

0 3 

0.1 

0.2 

24 

3.0 

0.9 

0.1 

0.2 

61 

2.0 

0.7 

0.4 

0 3 

2*’) 

l.S 

0.9 

0.6 

0 1 

66 

2.0 

0.7 

0.1 

0.2 

20 

3 4 

0 7 

0.8 

0.1 

67 

3.0 

0 3 

0.6 

0.1 

.)~ 

3.0 

0.3 

o •) 

1.1 

68 

4.:i 

1.6 

1.2 

0.1 

2S 

1..1 

0.8 

0,8 

0.1 

69 

3.2 

0.1 

0.4 

0.3 

29 

2.3 

0.4 

0.6 

0,1 

70 

2.6 

0.1 

0.1 

0.2 

.10 

2.0 

0.1 

0..1 

0.2 

71 

3.1 

0.8 

0.4 

0.3 

’ll 

1.3 

\A 

0..1 

0,2 

72 


0.0 

0.3 

0.1 

32 

.3.1 

0.4 

0.9 

0.2 

1 o 

2.4 

0.3 

0.4 

0.3 

3.3 

2.0 

0.1 

0.4 

0.3 

74 

2.0 

0.7 

0.4 

0 3 

34 

2.8 

0.1 

0.3 

0.4 

71 

2.1 

0.6 

0.4 

0.3 

3.1 

l.S 

0.9 

0.3 

0.4 

76 

2.6 

0.1 

0 6 

0.1 

30 

1.3 

1.4 

0.4 

0.3 

77 

1.1 

1.2 

0.6 

0.1 

.‘17 

1.0 

1.7 

0.1 

0.2 

78 

2.6 

0.1 

0.6 

0.1 

38 

4,0 

1.3 

0.9 

0.2 

79 

2.4 

0.3 

9.9 

0.2 

3!) 

3.0 

0.3 

0.6 

0.1 

.80 

2.2 

0.1 

1.2 

0.1 

10 

3.0 

0.9 

0.4 

0 3 

81 

2 0 

0.7 

0.8 

0.1 

41 

3.8 

1.1 

0.6 

0.1 



— 

— 

— 







2. 70 ±.01 

0.1 

0.70 ± 

.03 0.3 





cr 

= 

.70±.04 


<T— .36.+: 

.02 





c.v. 

nr 

21.9 ± 2.1 

— 11 .4±.'V 

.‘R/. 





E 

= 

1.8^^ 


= 4.3^4 
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TABLE 2 

Nitrate Produced prom the Soh/s Own Nitrogen after Twenty-kight 



1 

'-6" 

A 

Pay.s ’ 

Incubation- 

G"-24^' 

A 

—Incubated Blanks 



G"-24" 


Nit rote 

Devia 

Nitrate Devin- 


Nitrate 

Devi a 

Nitrate Deviu- 


llltlO 

tion from 

intro- 

tion from 


intro tjoii from 

nitro tion froi 

No 

K*MJ 

moan ± 

gen 

mean ± 

Nt.. 

gen 

mean -± 

gen mean - 


Mfis 


Mgs. 

Mgs 


Mgs 

Mgs. 

Mgs 

Mgb. 

1 

4.3 

0.0 

1.2 

0.2 

42 

4.5 

1.1 

1.2 

0.2 

*) 

2.4 

1.0 

1.0 

0.4 

43 

3.8 

0.4 

1.4 

0.0 

3 

<■> o 

1.2 

1.0 

0.4 

44 

3.0 

0.4 

1.2 

0.2 

4 

1.0 

l.s 

0.8 

0.0 

45 

4.0 

0.0 

1.0 

0.4 

r» 

2.7 

0.7 

1.1 

0.3 

40 

3.0 

0.4 

1.2 

0.2 

(> 

4.0 

0.0 

1.2 

0.2 

47 

3.8 

0.4 

1.3 

0.1 

7 

l.s 

1.0 

1.8 

0.4 

4S 

3.3 

0.1 

1.2 

0.2 

S 

3.0 

1.4 

1.0 

0.4 

40 * 

5.2 

1.8 

1.2 

0.2 

u 

4.S 

1.4 

o o 

0.8 

50 

4.8 

1.4 

1.4 

0.0 

10 

3.0 

0.4 

3.0 

J.O 

51 

4.0 < 

0.0 

2.0 

0.0 

n 

1.2 

o.s 

2.1 

0.7 

52 

3.5 

0.1 

1.0 

0.2 

12 

4.5 

1.1 

1.5 

0.1 

53 

3.1 

0.3 

0.8 

0.0 

13 

3.1 

0.;; 

1.4 

0.0 

54 

4.7 

1.3 

1.5 

O.l 

14 

4.0 

1.2 

1.5 

0.1 

55 

3,2 

0.2 

0.7 

0.7 

15 

1.2 

0.8 

1.1 

0.3 

.50 

4.1 

0.7 

1.2 

0.2 

1(1 

4.2 

O.S 

1.0 

0.2 

57 

1.2 

1.2 

2.0 

0.0 

17 

2.4 

1.0 

1.5 

0.1 

58 

3.4 

0.0 

1.0 

0.4 

IS 

2 S 

0.0 

1.1 

0.3 

50 

2.0 

1.4 

1.0 

0.4 

10 

1.8 

1.0 

3.() 

1.0 

00 

3.0 

0.4 

2 2 

O.S 

20 

l.s 

1.4 

2 2 

O.S 

01 

1.0 

2.4 

0.5 

0.0 

21 

l.s 

1.4 

1.4 

0.0 

02 

1.5 

1.0 

0.0 

o.s 

22 

3.5 

0.1 

1.5 

0.1 

03 

1.1 

2.3 

0.7 

0.7 

23 

3,7 

0.3 

1.4 

0.0 

04 

1.0 

2.4 

1.7 

0.3 

24 

3.0 

0.4 

1.2 

0.2 

05 

3.1 

0.3 

1.3 

0.1 

25 

1.2 

O.S 

1.7 

0.3 

0(t 

5.0 

1.0 

l.s 

0.4 

20 

3.S 

0.1 

l.s 

0.4 

07 

3.0 

0 2 

1.5 

0.1 

O" 

3 1 

0.3 

1.0 

0.2 

OS 

2.1 

1.3 

2.0 

0.0 

28 

2.S 

0 0 

1.4 

0.0 

00 

4.4 

1.0 

1.1 

0.3 

20 

l.s 

1 4 

1.5 

0.1 

70 

3.1 

0.3 

1.2 

0.2 

30 

3.5 

0.1 

1.5 

0.1 

71 

.5.. 5 

2.1 

1.1 

0.3 

31 

2.S 

0.0 

0.4 

0.0 

72 

3.0 

0.2 

1.4 

0.0 

32 

3.2 

0.2 

2.0 

0.0 

73 

3.S 

0.1 

1.0 

0.4 

33 

5.2 

1.0 

1.8 

0.2 

74 

3.S 

0.4 

0.3 

1.1 

34 

3 3 

0.1 

1,2 

0.2 

75 

5.4 

2.0 

1.2 

0,2 

35 

4 5 

1.1 

1.1 

0.3 

70 

3.S 

0.4 

1.2 

0.2 

30 

2.8 

0.0 

l.( 

0.0 

77 

4.0 

1.2 

1.0 

0.2 

37 

3 0 

0.4 

3.7 

o n 

78 

1.5 

1.0 

1.5 

0.1 

38 

1,7 

\7 

1.1 

0.3 

70 

5.0 

1.0 

1.8 

0.4 

30 

3.8 

0.4 

1.2 

0.2 

80 

3.1 

0.3 

1.0 

0.5 

40 

1.0 

0.0 

1.7 

0.3 

<81 

.3.5 

0.1 

1.5 

0.4 

41 

4.1 

0.7 

1,0 

0.4 


— 

— 

— 

— 






Mf.'ni 

3.40±.08 

0.0 

1.40±.03 

0.4 





<r 

=r 

1.00 ±.05 

a 

= .50 ±.02 






c.v. 


31.2±1.77r 


= 35.7±2.P/, 






E 

rrr: 

2.3</r 


— 2.1<% 
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TABLE 3 

NjTRATE PRODl^CED FROM 0.2 GRAM OF AmMONU'M SrLPHATE IN 
100 GRAMS OF Soil 
r'-fi'' f>"-24" 



N itrate 

Devm 

Nitrate 

Deviu 


Nitrate 

T>e\ la 

Nitrate 

Devia 


jntro- 

tion from 

nitro- 

tion from 


iiitro tion from 

nitro- 

tion from 

No. 


mean 4- 

gen 

mean •+■ 

No. 

gen 

nn an ■+ 

gen 

mean 


Mgs. 

Mgs. 

Mgs. 

Mgs 


Mgs 

Mgs 

Mgs. 

Mgs 

1 

0.0 

1.0 

1.8 

1.0 

42 

2.1 

2.9 

0.3 

3.3 

o 

4.3 

0.7 

3.7 

0.9 

43 

6.2 

1.2 

3.0 

0.2 

:{ 

8.0 

3.0 

2.9 

0.1 

44 

3.2 

0.2 

1.0 

1.8 

1 

0.0 

1.0 

3.3 

0.3 

43 

2.3 

2.7 

1.2 

1.0 


4.2 

0.8 

3.3 

0.3 

46 

1.8 

3.2 

1.8 

1.0 

0 

6.0 

1.0 

2.3 

0.3 

47 

2.3 

*) 

1.3 
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TABLE 4 


Nitrate Prodlu’ed from 0.2 gram op Blood ix 100 grams op Soil 
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TABLK 5 

Summary of Statistical Data 



Mfiiii 

Alillifcraiiis 

Extremes 

Milli/jrains 

stand a 1 d 
deviatjon 
MilliKranis 

CoelluMcnl 

of 

variabditj 
I’er cent 

r*iol)al)ii‘ 
error of 
mean -e 
e«*r ct'tU 

Residual nitrate. 

Surface . . 

L\7()i;.0r» 

1 .4-4.0 

0.70±.01 

2r>M± 2.1 

l.s 

Subsoil 


().:j-1.2 

0.30 It .02 

.">1.4± 3.3 

1.3 

Incubated blanks. 

Surface . 

;{.40±.()s 

1.0 

I.0d± Oo 

31.2± 1.7 

2.3 

Sulisoil 

1.4O±.0S 

0.1-2.2 

O.oOi.Oli 

33.7 ± 2.1 

2.1 

fXlb),SO,. 

Surface 

.’).l)0±.10 

1.H-S.2 

i.r) 0 ±.os 

20.4± 1.0 

2.0 

Subsoil 

L*.S0:+:.()S 


1.10±:.07 

40. 7± 2.4 

3.4 

Blood. 

Surface 

LM.()()±.tO 

7.0-40.0 

0.70^- .30 

27.1 ± 1 .5 

1.0 

Subsoil 

1 0.70:±.40 

1.7-lM.O 

r).:io± 30 

40 4± 3.1 

1.0 


Tiilcss otli(‘r\vi.s(‘ stHlcd, t]i<‘ y)n)}ui})l<‘ iTror of hjiv value has lasui 
us(‘d directly as found in the diseussion \vhi<*]i follows so that there is 
siui|)l\ an even ehanei* that tin* nsults so tr(*at(*d fall within, or 
without, the limits of tliidr respective ])rol)a))le (*rrors T}n‘ (dfeid of 
nniltipl\ inj: tin* prohahh* error In two, thre(‘. or any higher numl)tu\ 
iiia\ he found by referring to the rehuvni'i* cited above 


Discu ssion of E\fkrimi:nt \l Kksflts 

To exjiress tln‘ i*{‘sults in coneis<* form, table b has becui insi^rted to 
suimnai’ize brn‘tly tlu* data of the j)re(*edinj? tables. In the first (*olunin 
tiu‘ means of the \arious s(‘ri(‘s an‘ f^iven with thcur r('S])(‘etive ])r()babl(' 
erroi's. fii the (‘ase of n'sidual nitrate, 2.7 millijrrams in one' hundnul 
grains of .soil n*pivsent .(K)27 ])(*r cent of the soil or ajipro.ximatc'ly 
bd poumls of nitrate nitrogen per acre, considering only the upper six 
ineh(*s of the soil mass. The probable error of the determination 
amounts to .DdODb per ecmt of the soil so that it is an even chance that 
tin* mean of the (‘itrlity-one determinations is correct within one ])ound 
])er ae-nx Tn the sidisoil. the mean of 14 pounds per acre, is wdthin 
O.t) pounds of the* (‘ornxd fif 2 :ur<*, on the* same' basis. Tlie extreme ran<?e 
amounts to (>2 pounds in tin* surface soil and 18 pounds ])t*r ac^re in the 
.subsoil, both fi^unvs bein^ of ^nuiter magnitude than the means of the 
tw’o s<*ric‘s. Tt is not possible to translate the other tij?urc*s into a 
pra(‘ti(‘al pounds per acre basis, since they repr(‘sent laboratory tn‘a1- 
ments. 
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The oxtmnes iMM'onled in eolimin two are simply the extreme deter- 
minations found in any one series. Tlie extreme ranpre may be deter- 
mim‘d ])y takiiif^ the ditTerenee between these two figure's. Tlie greatest 
extremes are shown by the sam])les to whh'li dried blood was add(‘d, 
with the ammonium sulfate samples a elose second. Th(‘ r(*sults for 
any one series emphasize the very lar^^e diffenmee found b(*twc‘en a 
larf?e numb(U’ of samples treated as uniformly as possible. 

It will be noted that the eoeflfieients of variability as rejrards th(‘ 
surface samples with their various treatments differ but little amon^ 
themselves, this difference amounting to only o per cent. The differ- 
ence is gr(‘ater with the four series in which th(‘ subsoil was used, being 
15.7 per c(‘nt or n(‘arly ihrvo tinM‘s that of tlu' surfa(*(^ sam])les. Tlu' 
point is again em])hasized here that we are d(‘aling with the summations 
of all th(‘ errors to wlii(di the sampb's an* sub.i(*ct. both field ami 
laboratorN . Om* source of error has been allowinl for, wlH(*h is of a 
purely m(*(‘hani('al nature, namely, that of making tlu* r(‘adings with 
th(‘ colorinufcr. This error will be considered in tlu* following section, 
and the coeffi(‘ients of variability discussed at grcat(*r length there. 

The percentag(* ratios givt*n as tlu* probable (‘rror (»f tlu* nu*an place 
all the results on a compara])le basis as regards the error to which the 
various means an* subje<*t. Attention is call(‘d to tlu* fact that thes(‘ 
figur(‘s ai*(‘ of similar magnitud(‘s in tlu* four scries (;f surface .samples 
wliih* showing mu(*h larg(*r diff*(*n*nc(*s in tlu* subsoil sam])l(*s with their 
various tr(*atnu‘nts. 

It will be noted from tabh*s 1 , 2 , and d that in a numlu^r of sam[>l(*s 
there was le.ss a(*tual niti'ati* nitrogen found in tlu* subsoil .sampl(*s 
after iiu'ubation without the addition of anything but w'ater, or with 
tlu* addition of 0.2 gram of ammonium sulphati*. than was ])i*es(*nf in 
the s(»il of (*orr(*.sporiding sam]>l(*s as tlu*y (*ame from tlu* ru*ld. This 
result was not aiitici])ated and no explanation to account for this loss 
of nitrat(‘ nitrog(*n is offered at the pres<*nt tinu*. It is, how<*ver. 
regard(*d as of bio(du*mical int(*r(*st larg(*ly and not of importam*e as 
7*(*gards the variation b(*tw(*(‘n sample's at tlu* tinu* tlu* d(*terminations 
wen* a(*tualh, made. 

Erkok op TiiK Deter.minvtions Di e to the Coeokimeter 

Ref(*rcn('e has alrc'ady be<*n made to the absolute accurac'y of tlu* 
nitrate detcrTiiination and its bearing upon the results r<*])orted in tlu* 
pri'sent f)a])(‘r. Aside* from the absolute aeM*uracy of the de'termina- 
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tioiis, it i« desired to eonsider briefly tht‘ error iu rnakinj^ the readinj^^ 
on file eolorinieter due to the inability of the eye to deter-t small 
(dianfi^es in the de])tli of eolor between the standard employed and tin* 
unknown solutions. All workers in soil elumnstry ar<‘ familiar with 
the Kenieott-Sar{^(mt eolorinieter, so that tlu^ instrument itself needs 
no des(‘ription liere. To eheek the readings on th<‘ unknown solutions, 
a solution was jirepared of the average strength of the n^sidual nitrate 
<h‘terinined in the first seri(‘s r(*ported. Sixteen ecpial voluni(*s of this 
solution were taken and tr(‘at(‘d exaefly as tin' soil extra(*ts were treat(‘d. 
The av(‘ra^e amount of nitrate nitro<r(‘n found in the sixtetm portions 
was the saim* as that for the series refernnl to aliove. naiii(*l\, 2.7 
millijj^rams. The aetual (hderminations, to»:eth(‘r with tlit‘ eahmlated 
statisti(*al eonstants. are reported in table (>. The probable error of 
tin* nn‘an of sixt(‘(*n sanipl(‘s, together with 11i<‘ (‘rror to wdiicdi both 
larger and sinalh^r nuinl)(‘rs of sanipl<*s are subj(‘et. is "iv(aj in tabh* 7. 
Th(‘ (‘ab'ulations hav(» b(‘en made by tin* us(* of th(‘ formulae alread> 
^»‘iven. It is t‘vi(hml that the eahmlafion of the probabh' error from 
sixteen, instead of a larger niimlxT of samph‘s. mak(‘s it less reliable 
than if a larger numlxo* had been ust‘d. but since the (Tror from 
this soure(‘ is relativel\ small as compared to tin* (UTor dm^ to fi(‘ld 
sanifiling, it is d<x‘med of suf1i(*i(*nt accuracN for tin' pur])ose in hand. 
This error will lx* i‘('fern*d to as the laboratoiw (UTor to distinguish it 
from the error dm* to sam[)lnjg. 
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< ’OKKKICIKNT OF V \Rl VHlI I'lW A\n E Klimm Ol- < ’oi OKI A1 1 T1 R Kk.\D1NOS 


Vo 

1 

Vitrato 
in 1 ro| 2 < n 
jlliir rains 

!’..■> 

I><*\ jwtion 
from 

Milli^riains 

9.2 

*J 

‘J S 

9.1 


12 s 

9 1 

\ 

i: 9 

9.2 

’) 

±0 

9.2 

a 


9.1 

7 

ll.s 

9.1 

8 

'JX) 

0.1 



Nitiato 

Dovuition 

Vo. 

iiitio^con 

from moan -jr 


Million anis 

Milliffi ani'' 

9 

2.0 

9.1 

19 

2.S 

9 1 

11 

:;.9 

9 :i 

12 

2 0 

9.1 

1,1 

2.7 

9.9 

14 

2.7 

9.9 

1.-; 

2.0 

9 1 

10 

2.7 

9.0 
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It will be noted that the probable error of a single nitrate deter- 
mination is 2.7 ±: .09 milligrams or 3.2 per cent of the amount deter- 
mined. The error for a single determination, expressed on the field 
samples as a percentage, is 17.4 or about 5.1 times greater than the 
laboratory error, even after making allowance for this error. With 
sixteen determinations, the probable error becomes 2.7 ±: .022 milli- 
grams or 0.8 per cent. Further, with eighty-one samples, the probable 
error is only 2.7 ±: .009 milligrams jt)r 0.3 per cent. 

In allowing for this laboratory error in the various series reported, 
it is evid('nt that it becomes relatively larger the smaller the amount 
of nitrate determined within the limits of the amounts found in the 
l)resent study. In other w^ords, the probable error will remain the 
same Avliile the amount of nitrate determined decreases, so that the 
probable error will form a larger per(*(*ntage of the determination. 
On the other hand, the probable error becomes ndatively smaller as 
we increase the actual amount of nitrate nitrogen again within the 
limits of the amounts reported here. The same is true for tlie co- 
efficient of variability. This increased ratio is brought out in table 8, 
which IS simply a reconstruction of table 5, after making allowance 
for the laboratory error. 

The coefficient of variability computed from tin* standard deviation 
(.13 ±: .01 mg.) and the average amount, of nitrate nitrogen reported 
for the various series is given in column om*. This figure is the largi'st 
for the siiteoil samples in the field and the smallest for the surface* 
samples treated wdth blood, the mean of the eighty-one readings being 
0.7 and 21.0 milligrams, respectively, in the two cases. In the second 
column, the corrected coefficients of variability for the fi(*ld samples 
arc given, these being the difference betwetm coefficients of variability 
before the laboratory error was allowed for and the various coefficients 
of variability given in column one. It will be noted that the same 


TABLE 7 

Showing the Decrease of LABORATcmv Error as Number of 
Determinations Increase 


Number 

Probable 

Probable 

Number 

Probable 

Probable 

of 

error ol 

error of 

of 

error of 

error of 

samples 

mean 

mean 

Ramples 

mean 

mean 


Milligrams 

Per cent 

MflliErams 

Per cent 

3 

2.700±.()87 

3.2 

36 

.014 

0.5 

4 

.043 

1.6 

49 

.012 

0.4 

9 

.039 

3.1 

64 

.013 

0.4 

36 

.022 

0.8 

83 

.009 

0..3 

25 

.03 7 

0.7 
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qualitative relations hold aa between the various treatments in every 
ease except the incubated subsoil samples which are somewhat less 
variable than the surface samples. With the other three series, the 
subsoil samples still show a much higher (‘oefficient of variability than 
the surface samples, as do the samples treated with f(»rtilizers in the 
laboratory in contrast wuth the untreated field samples. The per- 
centage probable errors or laboratory (Trors are shown in column 
three, while the corrected figures for the field samples are given in 
column four. 

Referring again for a moment to table 6, it is evident that the 
laboratory error increases as the scpiare root of the number of deter- 
minations mad(‘, so that the mean of any number of readings on the 
colorimeter becomes less reliable, the fewer the number, exactly as the 
mean of a fewer number of samples is less accurate than the mean 
of a larger number. In other words, the curves of the errors of the 
various determinations arc parallel, as will be seen by reference to 
figure 2. This fact must be kept in mind in considering th(‘ results 
given in the following section. 


REsriiTS OF Random Samplings 

It is of very direct interest to consider for a moment the accuracy 
of tilt' mean of a limited number of samples taken at random. Ten 
surface samph's are intduded in the first group (table 9) and sixtt'eu 
in the second (table 10), since about these numbers of samples have 


TABLE 8 

Summary of Statistical Data after Making Allow vnce ior the 
Laboratory Error 


(’opfficient 
of variability 


(laborator> 
error) 
Per rent 

Kesulual nitrate. 

Surface 4.8± 0.2 

Subsoil 18.5±: 1.0 

Incubated blanks. 

Surface a.8± 0.2 

Subsoil 9.2 ± 0.5 

Ammonium sulfate. 

Surface 2.6± 0.1 

Subsoil 4.(5± 0.2 

JUood. 

Surface O.Odt 0.03 

Subsoil 1.2±: 0.10 


Corrected 

coeflficient 

of 

variability 

Per cent 

Laboratory 

error 

Per cent 

Corrected 
probable 
error of 
mean 
Per cent 

21.1 dt 2.1 

0.3 

1.5 

32.9±: 3.4 

1.2 

3.1 

27.4± 1.7 

0.3 

2.0 

25.5± 2.1 

0.7 

1.4 

26.8±: 1.6 

0.2 

1.8 

36.1 zt 2.4 

0.4 

3.0 

26.5 ± 1.5 

0.05 

1.9 

48.2± 3.1 

0.09 

3.9 
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frequently been used in making up a composite sample. It is assumed 
for the time being that the amount of nitrate actually found in a 
composite sample is that expressed by the mean of any given number 
of samples. All the calculations have been made upon the samples 
reported in the tables below just as if these were the only samples 
taken from the area, as would be done if sueli a number of samples 
were used in an independent investigation. In this case, however, we 
have a much larger number of samples to check the accuracy of the 
results obtained with the fewer number. Table 9 gives the amounts 
of nitrate found in ten surface samples, numbered from forty-two to 


TABLE 9 

Variability of Ten Surface Samples Taken at Random 

Kettidual nitrate Incubated blanks (NH*)jS 04 Blood 



Nitrate 

Devia 

Nitrate 

I>e\ia 

Nitrate 

Devia 

Nitrate 

Devitt 


Tiitro 

tion from 

nitro 

tion from 

nitro 

tion from 

nitro 

tion from 

No 

pen 

mean •+• 

sren 

mean •+■ 

gen 

mean -P 

gen 

mean ■± 


MgR 

Mgs 

Mgs 

Mgs 

Mgs 

Mgs 

Mgs 

Mgs 

42 

3.0 

0 

4.5 

0.6 

2.1 

1.0 

7.0 

10.0 

43 

3.4 

0.4 

3.8 

0.1 

6.2 

3.1 

18.0 

1.0 

44 

l.S 

1.2 

3.0 

0.9 

5.2 

2.1 

18.0 

1.0 

4.) 

2.5 

0.5 

4.0 

0.1 

2.3 

0.8 

21.0 

3.0 

46 

2.1 

0.9 

3.0 

0.9 

1.8 

1.3 

13.0 

1.0 

47 

4.0 

1.0 

3.8 

0.1 

2.5 

0.6 

18.0 

1.0 

48 

3.1 

0.1 

3.3 

0.6 

2.5 

0.6 

20.0 

3.0 

49 

4.4 

1.4 

5.2 

1.3 

2.0 

1.1 

21.0 

4.0 

oO 

3.5 

0.5 

4.8 

0.9 

2.3 

0.8 

20.0 

3.0 

51 

2.3 

0.7 

4.0 

0.1 

4.8 

0.7 

24.0 

7.0 

Mean 

3.00±1.7 

0.6 

3.90±.15 

0.6 

3.10±.31 

1.3 

17.00±.89 

3.7 

a 

0.80±0.12 


0.70±.10 


1.50Ht.22 


4.70±.63 


vx. 

26.7±4,3% 


17.9±2.7% 


4S.4±3.9% 


24.7 ±3.8% 


f’M 

5.7% 


3.8% 


10.0% 


5.2% 



fifty-one, imdusive. It will be noted that these samples are taken in 
a straight line (see tig. 1), while the sixteen samples are taken indis- 
(*riminately over the area. Ponsidering the residual nitrate alone, it 
is seen that the mean of thr* ten samples is 0.30 milligrams above th(* 
mean of the total number of samples. Further, the jirobable error of 
the mean is increased from ±: ,05 milligram to ± .17 milligram or, in 
t(‘rms of til * ])robable error, the chances are about 3 to 1 that the 
difference bet\veen the two results is a significant one.* The coefficients 
of varialiility are very nearly the same in the two instan<*es. 

* The probable error of the differences between two results is calculated from 
the formula: 

Probable error of differences \ l + E^ 

\ 1 2 
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In the incubated samples, the probable error of the difference be- 
tween the samples is 0.50 ± .17 milligrams, for the samples to whi(»h 
ammonium sulfate was added 1.90 ±; .31 milligrams, and for dried blood 
4.00 Ht .97 milligrams. It is worthy of note that the probable error of 
the differences between eighty-one samples, to which ammonium sulfate 
was added, and the ten samples given above is no less than 6 to l.f 
The coefficient of variability of the ten samples is greatly increased. 


TABLE 10 

Vaeiability of Sixteen Subface Samples Taken \t Random 


Residual nitrate Incubated blanks (NHi).S 04 Blood 


Nitrate 

Devia 

Nitrate 

Devia 

Nitrate 

Devia 

Nitrate 

Devia- 


nitro 1 

Hon from 

uitro 1 

tion from 

nitro 

tion from 

nitro 

tion from 

No 

gen 

mean ± 

gen 

mean ± 

gen 

mean -4- 

gen 

mean + 

Mgs 

MgH 

Mge> 

MgH 

Mgs 

MgH 

Mgs 

Mgs 

1 

2.5 

2.0 

4.3 

1.0 

6.6 

2.2 

27.0 

8.0 

3 

3,0 

0.5 

2.2 

1.1 

8.0 

3.6 

13.0 

6.0 

7 

3.3 

0.8 

1.8 

1.5 

6.6 

2.2 

20.0 

1.0 

9 

2.5 

0.0 

4.8 

1.5 

5.8 

3.4 

20.0 

1.0 

30 

2.6 

0.1 

3.5 

0.2 

6.2 

l.S 

n.o 

8.0 

34 

2.8 

0.3 

3.3 

0.0 

4.5 

0.1 

20.0 

1.0 

37 

1.0 

1.5 

3.0 

0.3 

4.0 

0.4 

19.0 

0.0 

40 

3.6 

1.1 

4.0 

0.7 

6.6 

2.2 

13.0 

6 0 

42 

3.0 

0.5 

4.5 

1.2 

2.1 

2J 

7.0 

120 

46 

2.1 

0.4 

3.0 

0,3 

1 8 

1.6 

13.0 

6.0 

49 

4.4 

1.9 

5.2 

1.9 

2.0 

2.4 

2J.0 

2.0 

33 

2.3 

0.2 

3.1 

0.2 

6.4 

2.0 

27.0 

8.0 

r,7 

1.8 

0.7 

1.2 

2.1 

2.2 

2.2 

27.0 

8.0 

50 

1.3 

1.2 

2.0 

1.3 

2.2 

2.2 

14.0 

5.0 

60 

2.0 

0.5 

3.0 

0.3 

3.5 

0.9 

30.0 

11.0 

72 

2.7 

0.2 

3.6 

0.3 

1.8 

2.6 

27.0 

8.0 

Mean 

2.50±.14 

0.6 

3.30±.17 

0.9 

4.40±.35 

1.9 

19.00 ±1.1 

6.0 


0.80±.10 


1.00±.12 


2.10±.26 


6.70±.0S 


(\V, 

34.4±4.5% 


30.3 ±3.9% 


47.7±6. 1'/f 


:!.').2±4.69fc 


5.6% 


.•>.2% 


7.9% 


r..8<7r 



beintf 48.4 ± IbO per oent. On the other Imiid. it happens that tlio 
iupubated blanks vary cvini less than the eighty-one samples, the eo- 
efReients of variability being 17.!l ± 2.7 per eent and 31.2 ± 1.7 per 
eent respeetively. It is seen from these results that very wide varia- 
tions may be found when oidy ten samples are used in making a 
composite sample and that that number of determinations is by no 
means enough to be an accurate measun* of the actual nitrate nitrogen 
content when the variations are of the magnitudes of those noted above. 

Turning for a moment to the results given in table 10, w'e find that 


t For table of odds to aid in estimating the significance of diffeTences between 
two results, see Batchelor and Reed, .Jour. Agr. Res., vol. 12, pp. 265-.b6, 1918. 
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the probable error of the difference between the mean of the sixteen 
samples taken purely at random, and the entire number of determina- 
tions made, to be .20 zt .35 milligrams, with a coefficient variability of 
34.4 ± 4.5 per cent as contrasted with 25.9 ± 2.1 per cent for the total 
number. The difference between the number of samples considered 
here and the total number is not significant with the incubated blanks, 
but with the ammonium sulfate samples the probable error of the 
difference between the means is 0.66 ±; .33, and with dried blood 
2.0 ±3.1. The cliances are somewhat less than 2 to 1 that the differ- 
ence.s between the sixteen samples here (considered and the total eighty- 


TABLE n 

Effect of Distance upon the Variabiuty in Sampling— Residual Nitrate 

Five foot radius Twenty-five foot radius Fifty foot radius 


No 

Nitrate 

Deviation 

No 

Nitrate 

Deviation 


Nitrate 

Deviation 

nitrogen 

Milligrams 

from moan 
Milligrams 

nitrogen 

Milligrams 

from mean 
Milligraiiib 

No 

nitrogen 

Milligrams 

from mean 
Milligrams 

2 

2.8 

0.4 

6 

2.7 

0.3 

11 

3.0 

0.5 

12 

2.7 

0.5 

16 

3.0 

0.6 

21 

3.0 

0.5 

22 

4..) 

1.3 

26 

3,4 

3.0 

31 

1.3 

1.2 

32 

3.1 

0.1 

36 

1.3 

1.1 

41 

3.8 

1.3 

42 

3.0 

0.2 

46 

2.1 

0.3 

51 

2.3 

0.2 

52 

3.1 

0.1 

56 

2.5 

0.1 

61 

1.5 

1.0 

62 

4.0 

0.8 

66 

2.0 

0.4 

71 

3.5 

1.0 

72 

2.7 

0.5 

76 

2.6 

0.2 

81 

2.0 

0.5 

Moan H.20±.14 

0.5 


2.40±.14 

0.1 

* 

2.50 ±.19 

0.6 

a 

0.60±.10 



0.60±.10 



0.80±.13 


C.V 




25.0±4.5% 


32.0±5.87r 


•“’m 

4.4% 



5.8% 



7.6% 



one samples are significant. It is evident that ealenlations made from 
th< mean of sixteen samj)les are of a hig;her degfree of aeeuraev than 
when only ten samples are used, but the number is still too few to fjive 
residts of a high order of reliability, and could by no means be taken 
as truly representative of the entire ar(*a under consideration. 

Other numbers ajid other groupings may be selected and the mag- 
nitude of their means and their accompanying probable errors and 

eoeffi(‘ients of variability computed from the data reported in tables 
1 to 4. 


Effect op DjaT.\NCE upon Variabiuty 

To determine whether or not the distance apart the samples were 
taken is a factor of importance in sampling, the arrangement given in 
table 11 has been made. The results shown in the table are for residual 
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nitrate in the surface samples only. The first group of determinations, 
from numbers two to seventy-two, inclusive, by intervals of ten, were 
recorded from samples lying within a radius of five feet of number 
one. The mean of the eight readings is 3.20 ± .14 milligrams or 0.5 ± 
.15 milligrams above the mean for the whole number of samples. The 
coefficient of variability is, however, relatively low. 

The second group of determinations from numbers six to seventy- 
six, varying as those of the group above, are of the samples on the 
circle with a radius of twenty-five feet from the center. The mean of 
this group of eight determinations is 2.40 ±: .14 milligrams or 0.3 ±: .15 
below that of the established mean as already given. The coefficient 
of variability in this case is nearly the same as for the total of eighty- 
one samples, however. 

The last group of determinations represents the nitrate found in 
the samples taken as the fifty-foot radius. The mean of the eight 
determinations is 2.50 zt .20 milligrams; 0.70 ±; .24 milligrams and 
.10 dr .24 milligrams. In two cases, the differences are significant; in 
the third, the probable error is greater than the difference and holds 
between the most widely separated samples taken on the twenty-five 
and fifty-foot radii. Even though only eight samples are considered 
in any one group, the conclusion seems j\istified that the distances 
apart samples are taken is of little importance, except in so far as their 
distribution be uniform over the area to be sam})Ied. A small area of 
an apparently uniform field may lead to very erroneous results, as 
<‘vid(mced by the high figures obtained for the mean of the determina- 
tions made u]>on the siimples on the five-foot radius. It is, of course, 
taken for granted that we are dealing in every instance with a field 
suitable for experimental work and hence not marked by changes in 
the soil ax)parent to the eye. 


Estimate of the Ntmber of Sxmples KEQrTRED for any 
(In EN Degree of Accfr vcy^ 

It is very desirable to know just how many samples it is necessary 
to use to secure the degree of accuracy de(uned desirable for the work 
in hand. By the use of the probable error and the standard deviation 
found from any representative number of samples, an estimate of the 
number of samples which will give a lower or higher degree of accuracy 
than the number used may be computed. For example, in the case of 
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the residual nitrate determinations, we have seen that the mean of the 
eighty-one samples amounted to 2.70 milligrams, with a probable error 
of zt .05 milligrams and the standard deviation of the series 0.70 gram. 
As already stated, the probable error of the mean is expressed as 
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and since the standard deviation in this instance is 0.7 gram, hence 

^ .6745 X 0.70 

Em— - - 

y/n 

We can make of any dimension desired and since our method of 
determining nitrates allows of direct determinations only to 0.1 milli- 
gram, we will use this number for the probable error of the mean of 
the desired number of determinations so that 


±: 0 . 10 == 


.6745 X 0.70 

y/ n 


from which n = 22. It must be remembered, however, that the labora- 
tory error increases as we decrease the number of determinations in 
the same manner as the probable error of our samj)ling, so that this 
iiiereased error must be takfm into account in estimating the number 
of samples necessary to ensure any desired degree of accuracy. Refer- 
ring to table 7, we find that the probable error of making the readings 
on the colorimeter for twenty-five samples is .017 milligram or very 
nearly .018 milligram for twenty-two samples, so that for a probable 
(Troi* (»f 0.1 milligram we have 


±0.1 


.6745 X 0l;l 
V// 


and a~l. Thus twenty -three samples are sufficient so that the 
j)robable error in tlu* mean is 0.10 milligram. The taking into 
account of the laboratory error involves an extra calculation, which, 
for all ])ractical ])ur])(Kses, may be avoided by the use of a table, such 
as shown by table 12 (represented graphically in figure 2), which has 
b(‘en (*alculated from the data given in tables 1, 2, 3, and 4, after 
tht* manner already outlined. It will be noted that tliis table is of 
limited range and accounts for numbers of samples less than eighty- 
one, but may be extended for a range greater than the one given if 
desired. The approximate number of samples may be readily found 
after the following manner. It is desired to determine the number oi 
ammonium sulfate samples necessary to be taken to ensure the same 
degnn* of a(*curacy as for twenty-three residual nitrate samples, of which 
the probable error of the mean was calculated to be ±0.10 milligram. 
By reference to table 12, it is found that about eighty-one samples are 
recjuired without taking the laboratory error into account. This error 
is .OOJ) milligram (table 7) for eighty-one samples, an amount less 
than one ])er cent of the error which we are allowing for and hence 
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negligible, for all practical purposes, when the probable error of the 
sampling is of as great a magnitude as 0.1 milligram. It must be 
recognized that the mean of the number of samples so calculated may 
be found to have a greater or less probable error in practice so that 
a greater number of samples than calculated should be taken. This 
relation has already been brought out in the previous section, where 
it was shown that the fewer the samples, the less representative 
of the total area they became. By an inspection of table 12, it 
is evident that the number of samples necessary to secure the degree 
of accuracy which we established for the residual nitrate samples must 
be very greatly increased, when we are dealing with ammonium sulfate 
or blood treated samples. 


TABLE 12 

Probable Error with Varying Numbers or Determinations 

Number Residual nitrate Incubated blanks Ammonium sulphate Blood 

of , ^ , , * ^ , * ^ ^ 


samples 



l "- 6 " 


1 ^- 6 " 

6"-24'' 

r-c" 

6''-24" 


Mgs. 

Mgs. 

Mgs. 

Mgs. 

Mgs. 

Mgs. 

Mgs. 

Mgs. 

1 

.47 

.24 

.71 

.33 

1.01 

.74 

3.8 

3.5 

4 

.23 

.12 

.37 

.16 

.5 

.37 

1.9 

1.7 

9 

.16 

.08 

.25 

.11 

.3 

.25 

1.2 

1.1 

16 

.12 

.06 

.18 

.08 

.25 

.19 

1.0 

0.9 

25 

.09 

.05 

.14 

.06 

.20 

.15 

.08 

0.7 

36 

.08 

.04 

.12 

.05 

.17 

.12 

0.6 

0.6 

49 

.07 

.035 

.10 

.048 

.14 

.10 

0.5 

0.5 

64 

.06 

.03 

,09 

.04 

.12 

.09 ' 

0.48 

0.45 

81 

.05 

,03 

.08 

.03 

.10 

.08 

0.4 

.04 


It will be remembered that throughout the discussion, we have con- 
sidered the probable error of the mean of any given series of samples 
directly, so that we have but an even chance that the mean for any 
given numlier of determinations made will be of significance. It is 
usual to consider about three times the probable error as a significant 
difference between two given means, hence if we are to establish this 
standard as regards th(‘ number of samples taken, we must increas(* 
all the figures given by three times.^ It is obvious that such a number 
of samples in the case of dried blood, for instance, would be far beyond 
practical limits as regards the making of the determinations. The 
(‘hances are that the use of a fewer number of samples means a low 
degree of reliability for any determinations made. If soil biologists 
are to continue to make beaker tests with fertilizers, the results must 
be interpreted from this viewpoint. 

* By multiplying the probable error found by 3.17 the chaneeB are thirty to 
one that a difference greater than the figure bo found is significant. 
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While we are not justified in using the results obtained from labora- 
tory treatments as direct criteria of what will happen in the field, it 
is probable that greater variability will be found in field plots which 
have been subject to treatment with fertilizers than in the normal soil 
to which no fertilizers have been added, especially when the fertilizer 
is of such a complex nature as dried blood. 

It must further be emphasized that the figures as given above apply 
only to the soil under discussion ; each soil with the treatment applied 
must be considered as a unit in a statistical study. It is evidcuit that 
a standard established for the residual nitrate, for instance, will not 
]]ol(] for th(* nitrate produced from a one per cent application of blood. 
The (*xact correlation b(*tween th(‘ various laboratory treatments and 
between those treatments and results secured in the field is reserved 
for (lis(*ussion in a future publication. 


KePRESENTATIVE and t'OAIPOSITE SAMPLES 

It is evident from the results already presented in various group- 
ings that a representative sample of any soil is a purely hypothetical 
quantity whose constituents may only be determined indirectly. It is 
also evident that determinations reported from only one sample of a 
given ar(*a are practically worthless, when the errors to which it is 
subject arc of the magnitudes shown above. Composite samples made 
uj) from a small number of single samples arc of little more value. 
Xot until enough sam[)les have been taken to enable the proper calcu- 
lation of the pn^bable error of the mean of a given number of samples 
IS the making of a composite sample justified, since the results obtained 
from working with such a sample are of very limited value unless the 
error to wdiicdi the composite sam])le, itst»lf, is subject, can be deter- 
mined. 

It seems, ther(‘fore that the use of the word ct)mposite as relating 
to soil samples is only justified when the variations to which the 
individual samples are subject are known and enough samples taken 
to establish the error to wdiich the composite, as a mean of all the 
samples, is liable. The magnitude of the error wdiich is liable to creep 
into the determinations due to imperfect mixing in a composite sample 
is no doubt worthy of consideration, but since its value is undetermined, 
it has been assumed that a coinpasite actually represents the mean of 
all the samples taken. Just how^ reasonable such an assumption may be 
remains for future investigations to bring out. 
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GenehuVl Discussion 

It has already been stated that the area under discussion was of 
very limited extent and as free from apparent variations as any area 
is likely to be. Also, that the treatment and climatic influences had 
all tended toward a state of biologic equilibrium as regards nitrate 
production in this particular soil. With this viewpoint in mind, the 
importance of applying a statistical interpretation to results obtained 
from working with a given soil type obtained under conditions much 
less favorable, becomes doubly important. It is not at all improbable 
that variations several times greater than those reported will be found 
in many instances and the number of samples deemed sufficient in this 
case must be increased to obtain any considerable degre*e of accuracy 
It is possible that areas more uniform than the one used will be found, 
hut it is hardly probable that such will be the case. 

While the present paper deals only with the production of nitrates, 
not only the variability of the products of microdrganic activities, but 
the chemical constituents of any soil should be studied in a similar 
manner to determine just how reliable past results in soil investigations 
may be. It is beyond question that before we can have faith in future 
results, we must apply the principles outlined. *A study of the prob- 
lems of nitrogen fixation in the soil, which is to be as complete and 
as carefully controlled as possible, is now^ under w^ay at this station. 
Statistical methods are to be applied to the variations in the total 
nitrogen, total carbon, and nitrates, at least, in tw^'o representative 
soils under observation before a treatment of any kind is applied. In 
other words, the experimental areas to be used are being standardized 
as carefully as possible, making due allowance for field variations in 
the constituents noted above. Further, the field errors due to varia- 
tions between the samples must not be greater than the experimental 
error due to the laboratory manipulations, since the increases (or 
decreases) to be measured are themselves of small magnitude. To be 
sure, this method of procedure takes much extra time and energy, but 
it must be employed before the results of any treatments w’hich an* 
made may be correctly interpreted or recommendations based upon 
the experimental results safely made. It is hoped that some of the 
results of these preliminary studies may be ready for publication in 
the not far distant future. 
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As regards the effect of seasonal variation upon the accuracy of 
results which may be obtained at one season of the year upon those 
secured at another period, no data are as yet available which are 
extensive enough to warrant any conclusion. It is evident that if a 
representative ’’ sample must be found from time to time whenever 
new work is undertaken, the procedure would become very laborious. 
The prediction is made that the probable error of the mean as found 
in any one sampling will be very nearly the same for other samplings 
taken at other seasons of the year, so that it will only be necessary to 
make a composite sample of a previously determined number of 
individual sami)les and applj' the probable error, as i)reviously found, 
to the results obtained. 

The .segregation of the causes of biologic variation in the deter- 
minations as made, is of importance. Home evidence has already been 
presented showing the increased variability due to laboratory treat- 
ment. Variations in moisture present under incubator conditions, the 
change in the medium due to the addition of various fertiliziTs, and 
the mixing of the fertilizer with the soil are all causal factors in the 
variations betwcMm samples as regards the amount of ammonia, nitrate, 
or similar compounds finally measured. We are attempting, in this 
laboratory, to determine the extent, and to limit as much as possible, 
the variations due to manipulation. Tu the field the only ixxssible 
(*ause contributing to increased variability is the method of sampling, 
and from unj>iil)lished results to be reported later the differences be- 
tween diffen^nt methods of sam[)ling are of but little moment in a 
study of field variability. Variations betxveen field samples may only 
be allowed for as already outlined and are no longer serious sources of 
(UTor when once recognized. 

There can be no doubt that much of the work done in the past, as 
regards nitrification at least, is open to very serious question in the 
light of the results herein reported. Just how’ much of it can be 
retained can only be determined by a careful checking of the actual 
determinations made, taking into account the error due to sampling 
and to the laboratory manipulations. If the data reported in table 4, 
for instan(*e, be arranged in any proper order, it will be found that 
nearly any desired series of results may be secured, agreeing closely 
in their relative range with any series of results obtained from plots 
or tumbler treatments whicli have bmi reported by various investi- 
gators. Individual investigations are not referred to here in detail 
since their large number precludes their discussion in the limited space 
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of this paper. It is beyond question that the soil is an extremely 
variable quantity and that its variability must be measured and taken 
into account before any determinations made upon it become of value. 


Summary 

A study of variability as regards nitrate production of eighty-one 
samples of soil taken from a limited area of an apparently uniform 
soil, is reported. Both surface and subsoil samples were taken. The 
nitrate present at the time of sampling, the nitrate produced from the 
soil nitrogen, from ammonium sulphate, and from dried blood were 
determined. Statistical methods were applied for the interpretations 
of the results. The following conclusions seem justified from the data 
presented : 

1. The variability of the field samples of soil, even from an appar- 
ently uniform area of limited extent, is high and is a factor of extreme 
importance in an estimation of the reliability of any series of results. 

2. The variability of the samples treated as in the tumbler method 
for nitrification studies is increased over that found for the nitrate 
produced in the field. 

3. Subsoil samples vary more in the field, and when treated with fer- 
tilizers in the laboratory, than surface samples taken from the same 
area. No explanation of this fact can be offered at the present time. 

4. A single sample of any soil is of little value as regards deter- 
minations which may be made upon it. 

5. A limited number of samples as ten or sixteen, are subject to 
wide variations and can only be used when the results are to be inter- 
preted as having a low degree of accuracy. 

fi. A composite sample may be considered as of value only after the 
probable error to which it is subject is known and this can only be 
determined by the use of a large number of individual sami)les. 

7. The distance apart samples are taken is of little importance as 
long as the samples are uniformly distributed over an area which is 
apparently uniform. 

8. In the light of the.se results, the conclusion seems inevitable that 
much of the past work done, as regards nitrification at least, must be 
critically examined to determine the degree of r(‘liability, if any, it 
may have. 
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Attention is called to the fact that variations in other products of 
tnicroorganic activity and in the chemical constituents of different 
samples of the same soil may be as large or even larger than those found 
in the present study; and that a much more comprehensive study of 
variability than the one herein reported is now being carried out. 

The writer wishes to express his indebtedness to Dr. C. B. Lipman 
for suggestions offered during the progress of the work, and to Dr. L. 
I). Batchelor for helpful suggestions in the preparation of the manu- 
script. Also to Mr. Douglas Wright, Jr., for aid in taking the samples 
and in making the calculations. 

Transmitted April IS, 1018. 
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BY 

R LIPMAN AVD VV. F. (iFKlCKF 


In 18o(). Thorn] )son’ sliowed that whon soil is shaken with a solution 
,ol* snl])hat(* of ammonia, ealeinm sulphate is brought into the sohi- 
tion. losing this observation ^is a basis. Way- ]>roeee(le(l, in a elassi(*al 
investigation, to study the nature of the pheiumunion. He fonnd that 
when the ealeinm sulphate goes into solution as observed by Thom]ison, 
th(‘r(* is an amount of base in the form of ealeinm and of other bases 
set fr(‘(* in th(‘ solution e(jui valent to the amount of ammonium base 
whi(*h is absorbetl by the soil. From this faet and his observation that 
('lay earries th<* ('onstituent whieh thus reaids uith the suli)hate of 
amiiionia. Way argued that there (*xist in the elay et'rtain ‘'doubl<‘ 
sili(*at(\s” of the alkalies and alkali earths with aluminum, vhieh an' 
the a<'tive bodies in the reaidion under eonsideration. lIi* mwer proved 
that siH'h double sili(*at(*s aetually exist in the “elay" of the soil, but 
believed th<‘m to bt* jiresmit there Invause his artifieially ])repar(*d 
double silieatc's of ealeinm and aluminum, of sodium and aluminum, 
and oth(*rs, behaved toward salt solutions like tin' elay, and lost their 
absorjdive and reaetive powers, like elay, on ignition. In eontra- 
distiiK'tion to Li(*big\s view that tht' j)reei])itation by soils of salts from 
solution (‘onstitutes nien'ly a jihysieal phenomenon, AVa\ believed that 
tin* Thom])son ex]>eriment, whi('h ty])ities sueh soil-salt ]>henomena, 
rejiresents, regally, a eh(‘rni(*al r(*aetion. Way’s vi(‘w beeaiiu* gtmerally 

1 Thompson, JFl. S., On the absorlxmt power of soils, Jour. Kov. Agr. Soc., vol. 
n, p. 6<S, 1850. 

2 Way, J. T., On the power of soils to nlisorb manure, vol. 11, p. JU, 

1S.50, anil vol. 18, p. 128, 1852. 
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accepted and has been tausrht and is still very largely taught in the 
agricultural colleges today under the subject of ‘‘ fixation or “ex- 
change'’ of bases in soils. The presence in the soil of double silicates 
or zeolites was thus assumed by soil investigators, and Ililgard gave 
the idea much prominence in connection with his methods and 
hypotheses on soil analysis. Fiirther, the idea served as a basis for 
the use, by Lawes and Gilbert, of sodium sulphate and of magnesium 
sulphate in connection with the application of fertilizers to their 
t'xperimental plots with the end in view of setting free potassium, from 
its silicate combinations in the soil, for use by the plant. 

All of this has led to the statement, universally employed by authors 
of texts on soils, that the appli(*ation of lime and gypsum to soils 
results, among other changes wrought by them, in the making “avail- 
able" of potassium and other ions’"' of a similar nature. As recently 
as 1JJ07, Hall and Giminghanr* adduced ex])erimental evidence on th<‘ 
interaction between clay and ammonium sulphate, whi(*h appeared to 
mark that reaction as one obeying the* mass law, thus seemingly lend- 
ing suppoi*t to the validity of Way’s hypothesis. Hall and Giming- 
ham’s evidence was soon .shown by Cameron and Patten^ to be in- 
complete, however. They demonstrated that the mass law does not hold 
when a wider range of (*oncentrations than that employed by the fornuu* 
investigators is tested and a new hypothesis was necessary to (*xj)lain 
it This was furnished by Van Bemmelen, who proved that absorption 
by soils was closely parallel to that by colloids which he had studied, 
and which may be explained by the formula in whi(*h 

y is the amount ab.sorbed by a quantity m of the absorbent, r the^*on- 
centration of dissolved substance when equilibrium is attained, and 
K and n are constants depending on the nature of the solution and th<‘ 
adsorbent. Such a formula has since been .shown to hold for absor])- 
tion of phosphates by Prescott'^ and for absorption of ammonium salts 
by Wiegner.^ Tri accordance with this conception of the soil as a 
colloid-containing body, the colloidal particles posse.s.s the ])ower of 
holding ions which are adsorbed from .salt solutions and give such ions 
up with relative facility to new solutions containing other ions for 
w'hich they are substituted. 

* [ii thm rase and throughout this paper, the term “ion” is not used in the lit(*ral sense 
It 18 not intended to convey the idea that the authors believe that a given ion by itself if. 
absorbed or set free, for we are actually inclined to the belief that in these cases, as in absorp 
tion by plants, not ions, but compounds, are absorbed as units 

^ Hall, A. D., and Giminghain, C. T., The interaction of ammonium salta and 
the constituents of the soil, Trans. Chem. 8oc., vol. 91, i>. 677, 1907. 

^ Cameron, P. K., and Patten, IT. E., The distribution of solute between water 
and soil, Jour. Phys. Chem., vol. 11, p. 581, 1907. 
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This idea has, however, been confused with the zeolitic* hypothesis 
from which, in some respects, it is quite distinct. Due to both concepts, 
the teaching is still largely in vogue that CaCO^ and CaSO^ possess 
as one function in soils a power to set potash and other bases free from 
their insoluble combinations. In spite of tlic general acceptance of 
this view, however, some practical agronomists have called it in qu(*s- 
tion and it seems necessary to determine if the hypothesis and the 
laboratory experiments used in support thereof are valid. Briggs and 
Breazeale^ have recently made an attempt to answer definitely the 
question as to whether or not lime or gypsum applied to soils does 
affect the potassium content of the soil solution produced ])y ortho- 
clase, pegmatite, or orthoclase-bearing soils in (*ontact witli water. 
They checked their results by growing young wdieat seedlings in the 
solutions produced by the treatment of the mineral or soil wdth lime 
or gypsum and water. As a result of these experiments, they con- 
clude that the availability to plants of the i)otash in soils derived 
from orthoclase-bearing rocks is not increased by the addition of lime 
or gypsum. In some instances, a marked depression of the solubility 
of the potasli in the presence of gypsum w^as observed.” While the 
authors specifically refer to “soils derived from ortho(*l?ise-bearing 
rocks,’’ the statement carries the implication, owing to the stated 
object of their investigation, that the ])otash-bearing silicates of any 
kind in soil are not likely to be affected in solubility by the addition 
to the soil of lime or of gypsum. The fact that this conception is con- 
trary to what one w^ould expect from theoretical considerations regard- 
ing soil-solution reactions, appeared to render it desirable to investigate 
the subject farther. We therefore planned and executed the* following 
experiment : 

C^aleiuin carbonate or calcium sulphate were t‘ach added to soils, and 
lliroughly mixed with them in the different cases as further indicated 
in the tables. The soils thus mixed w^ere plaecnl in pots in the green- 
house. AVater w^as added to make optimum moisture (*onditions and 
such moisture (*onditions w’cre maintained for a period of nine months. 
Three soils were used, viz: Oakley blow^ sand, Berkeley clay adobe, and 
a greenhoase soil, the latter having been originally made by admixing 

’■* Prescott, J. A., The reaction betw^een dilute acid soheiits and soil i)hos- 
]»hatos, Proo. Chem. Soc., vol. 30, ]». 137, 1914. 

Wiegner, Georg., Zum Basenaustausch in der Ackererdc, dour. Landw\, vol. 
60, pp. no and 197, 1912. 

7 Briggs, L. d., and Breazeale, d. F., Availability of potash in certain ortho- 
clase-bearing soils as affected by lime and gyj>sum. Jour. Agr. Kes., >ol. s, p. 21, 
1917. 
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barnyard manure with the Berkeley clay adobe soil. The applications 
of CaCOa and of 0aSO4 were made on March 9, 1917, and in the 
manner and quantities indicated in the tables. Control soils, untreated 
with either lime or gypsum, were, of course, included in the experi- 
ment, but were otherwise treated like the other soils. The soils in 
all })ots were sampled three times, at considerable intervaLs, as shown 
in the tables. The samples w^ere taken so as to represent the w^hole 
depth of the soil layer in the pot and of different parts thereof. Eight 
hundred gram portions of these samples, in air-dry condition, w^ere 
mixed w^ith 1600 cc. of distilled w^ater in large bottles and allowed to 
digest for six days w^ith oc<»asional shaking during every day. After 
six days, the solutions w^ere filtered through Pasteur-Charnberland 
pressure filters and analyzed by gravimetric or volumetric methods 
for the constituents named in the tables. Large enough aliquots could 
be employed, ownng to the method which we have devised and d<‘scribed 
above for mixing th(^ soil and whaler, to insure accurate results by the 
standard methods of analysis intended for larger fiuantities of the 
same substances. We employed no (‘he(*king system by means of 
germinating plants, such as that used by Briggs, because (1) we do 
not believe that a few' days’ growih of plants (‘onstitutes any relia})le 
criterion r(‘garding any factor in ])lant grow’th. and (2) the evideiu'c 
obtained by Rurd, Iloagland, and Sttwvart luus demonstrated that for 
[>lants grown to maturity, an intimate relation holds bctwcMui tlu^ 
nature of the soil solution and absorption of nutrients by plants grow- 
ing in such soil solutions in (wery stag(‘ of growth. In otlier words, 
we (‘ontented ourselves w'ith trying to determine whether or not the 
soil solution is enriched with respect to potassium and oth(*r elements 
by th(» treatment of soil w’ith (’aCOj or wdth CaSO^ as indicated by 
the ernn position of the soil extracts obtained by ns. The results of the 
analyses of the soil extracts an* shown in the subjoined tabl(‘S, in w'hicb 
the amount of every ion souglit and found in the solution is (‘xpressed 
in ])arts per million of the soil. 

For the sake of greater simplicity and Imevity, we shall at first 
discuss the tables st‘parately. 

In tal)].^ 1, w'c sec the results obtained wdth the Oakley soil, from 
w'hich it is clear that both lime and gypsum are without effect on tin* 
amount of water soluble potassium in that soil. The latttT behavt‘s in 
this respect like the Oatman soil from Riverside County in this state, 
which Briggs and Breazeale have studied. There is little reason to 
believe, likew'ise, from the data under consideration that the winter 
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Table 1. 

Oakley 

Soil 




Treatment : 

Date 

Fo 

Ca 

Ma 

« 

K 

p 

Rate per acre 
kilograms 

of 

sampling 


In parts per million of dry soil 


Control 

Apr. 9, m 

1.0 

16 

2.3 

17 

9.1 


500 CaCOa 

Apr. 9, M7 

3.6 

23 

3.9 

16 

8.1 


1000 CaCO, 

Apr. 9, ’17 

3.4 

31 

6.9 

21 

10.3 


500 CaSO* 

Apr. 9, ’17 

1.4 

32 

3.1 

21 

9.7 


1000 CaSO* 

Apr. 9, ’17 

1.4 

63 

1.0 

20 

lD.7 


Control 

July 20, ’17 

1.2 

13 

3.6 

10 

7.9 

6.9 

500 CaCO, 

July 20, ’17 

2.0 

27 

6.7 

10 

7.8 

5.8 

1000 Ca(’Oa 

July 20, ’17 

1.4 

26 

9.3 

10 

8.4 

10.4 

500 CaSO^ 

July 20, ’17 

1.4 

26 

1.6 

23 

8.3 

5.5 

lOOOCa 80, 

July 20, ’17 

1.4 

62 

0.9 

45 

6.9 

8.1 

('ontrol 

Dec. 24, ’17 

1.4 

24 

1.3 

19 

S.8 

6.7 

500 CaCO, 

l)o(\ 14, ’17 

1.4 

31 

1.3 

14 

9.1 

7.2 

JOOO CaCO, 

Dec. 24, ’1 7 

1.5 

34 

1.3 

13 

9.9 

6.1 

500 Ca8o, 

Dec. 24, ’17 

1,0 

4i 

1.7 

30 

7.3 

6.7 

1000 CaSO, 

Dee. 24, ’17 

0.6 

61 

1.3 

64 

8.0 

6.3 


Table 2. 

Adobe Sou. 




Treatment 

Date 

Fo 

Cn 

Mg 

s 

K 

P 

Rnte per acre 
kilograms 

of 

sHinplmg 


In parts per million of dij soil 


( 'ontrol 

Apr. 23, ’17 

0.7 

17 

0.7 


7.4 


1000 CaCO, 

Apr. 23, ’17 

0.7 

25 

1.4 


12.8 


1000 (’aSO, 

Apr. 23, ’17 

08 

50 

1.1 


9.6 


(’ontrol 

July 20, ’17 

0.7 

32 

2.1 

32 

9.7 

7.2 

1000 CaCO, 

July 20, ’17 

0.7 

34 

4.2 

31 

15.0 

7.8 

1000 OaSO, 

July 20, ’17 

0.7 

7S 

2.1 

124 

12.4 

7.5 

< 'ontrol 

Jan. 2, ’IS 

1.6 

47 

2.6 

32 

S.3 

5.6 

1000 CaCO, 

Jan. 2, ’18 

1.6 

16 

2.6 

31 

8.S 

6.1 

1000 CaSO, 

Jan. 2, ’IS 

1.0 

84 


146 

10.0 

5 7 


Table 

3. Green HoiTRE Soil 




Tieatment 

Date 

Fe 

Oh 

Mg 

s 

K 

P 

Rate per acre 
kilograms 

of 

sampling 


In parts per million of di> soil 


Control 

Apr. 20, ’17 

7.S 

S3 

9.3 

40 

14.4 


500 CaCO, 

.Apr. 20, ’17 

1 5.5 

112 

19.5 

42 

15.3 


1000 CaCO, 

Apr. 20, ’17 

8.3 

115 

25.5 

49 

25.4 


500 CaSo, 

Apr. 20, '17 

7.0 

157 

17.8 

91 

20.4 


1000 Ca 80, 

Apr. 20, ’17 

7.8 

210 

6.7 

106 

27.0 


Control 

July 20, ’17 

4.5 

86 

8.6 

51 

23.8 

14 0 

500 ("aCO, 

July 20, ’17 

7.8 

91 

20.6 

86 

25.0 

12.3 

1000 CaCO, 

July 20, ’17 

5.6 

104 

24.3 

S2 

38.6 

12.3 

500 CaSO, 

July 20, ’17 

t.5 

129 

9.3 

130 

28.2 

11.4 

1000 CaSO, 

July 20, ’17 

4.2 

162 

5.2 

165 

34.S 

10.1 

( 'ontrol 

Jan. 12, ’18 

11.9 

93 

3,9 

55 

12. s 

20.2 

500 CaCO, 

Jan. 12, ’18 

9.8 

128 

5.0 

76 

15.4 

19.6 

1000 CaCO, 

Jan. 12, ’18 

9.8 

142 

5.4 

76 

32.0 

1S.4 

500 CaSO, 

Jan. 12, ’18 

9.7 

176 

4.0 

182 

17.7 

16.7 

lOOOCaSO, 

Jan. 12, ’18 

9.8 

171 

4..3 

219 

22.4 

17.1 
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soluble phosphorus and the water soluble sulphur in that soil have been 
affected by ('aCO<i and the first by CaS 04 . The calcium content of 
the solution is affected by both OaCO.^ and CaS 04 , as would be ex- 
pected, but which does not necessarily have to occur. On the other 
hand, the water soluble iron content of the soil appears possibly to 
be slightly -affec^ted by the Cat^O^ treatment, at least in tlie first 
sampling; and the magnesium content of the water extract shows, it 
seems to us, very distin(*t accretions, through the OaOO^ applications, 
in the first and second samplings. The effect seems to have dis- 
appeared, however, by the time the third sampling was made and a 
new Cfjuilibrium is probably established. On the contrary, gypsum 
seems to depress the amount of -water soluble magnesium in the soil 
solution of the Oakley soil. This appears to be definitely true by the 
time the jieriod of the second sampling has been reached, and less 
definitely in the period of the first sampling with the larger gypsum 
application. Just as the tendency to increase in amount in the soil 
solution through the instrumentality of the treatment seems to char- 
acterize both the ions, magnesium and iron, in tin* periods up to and 
including the second sampling, a reverse tendency is manifested by 
these ions by the time* of the third sampling. Tn the soils treated with 
(^a(X){, then* is a definite decrease in magnesium, in the solution, in 
the period named and the iron content of the same soil solutions seems 
to decrease simultaneously. Yet the other ions db not seem to have 
b(*en affected in that way in the same [leriod, but have eitlier remained 
stationary or have shown increases. These rather marked changes 
evidenced by the figur(*s of the second and third samplings are even 
more distinct ‘in the eases of the other soils, to uhich reference will be 
made* below. 

Tn the Berkeley clay adobe soil, the data for which are given in 
table 2, conditions are (piite evidently not the same as in the Oakley 
soil. AYhile the potassium content of the latter soiBs solution remained 
unaftVct(*d by tlie application of either CaCO,. or 0 aR 04 , that of the 
former soil seems to us to be definit(*ly increased by both (Vi(X)^ and 
OaS ()4 in the first two samplings and by (^aSO* alone in the last 
sampling The gn*at(»r effect in that direction is clearly induced, how- 
ever, by OaC^O,. The iron content of the soil solution in the clay 
adobe* soil r(*mains entirely unaffected by the treatment which is 
accorded the soil. The phosphorus cont(*nt of the soil solution affected 
by CaCO,} may, perhaps, be slightly increased in both the second and 
third sami)lings, hut the data do not give us leave to be certain on 
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that point. The calcium and sulphur content of the soil solution behave 
as one would expect without experiment in the clay adobe soil treated 
with CaS04, but the calcium content of the same soil treated with 
(JaCO;, is affected to a small degree in some cases and not at all in 
others. The magnesium content of the (day adobe soil solution behaves 
similarly to that of the Oakley soil solution, but the incrc^ases due to 
(JaOO^ treatment of the soil are not as large in the former as in the 
latt(T. Again CaS04 seems to be without (‘ffect in that direction. In 
general, the behavior of the clay adobe soil solution, as judged by our 
analyses, {)arallels that of the Oakley soil solution in the third samj)- 
ling, a condition of equilibrium, and, in general of a more dilute 
solution, having been attained. That doc^s not hold, however, for the 
soil tn'ated with (JaS04. In gen(^ral, therefore, the n^sults obtained by 
us with the clay adobe soil, among other things, show a lac'k of agree- 
ment betw<»en our results and those of Briggs and Breazeale n^garding 
the effcHd of ('a(^ 0 , and CaSOj on the potassium (*ontent of the soil 
solutions in (juestion. 

Coming finally to a consideration of the gnMuihouse soil, wo find in 
table II some v<‘ry interesting data, and the most definite of any sub- 
mitted in all the tabh^s, inasmuch as the chang(\s due to soil treatment 
are so mueh larger than those (diaraeterizmg the other soils. Con- 
sidering the* (lata for potassium first, w(‘ tind that marktsl inereases iu 
the amount of that ion in the solution of the gretmhouse soil are 
iudmsHl by the larg(»r applieation of CaCO, and by both the smaller 
and larger applieations of CaSO^. I\loreover, even the small(*r appli- 
eation of seems to induce the solution of definitely larger 

amounts of potassium than those found in the solution of th(‘ untreated 
greenhonsi* soil. In the ])eri()ds of the first two samplings, the iron 
<*oiit(‘iit of the soil extrac't seems to have been iiK'n^isinl by the CaCO. 
applieati(ms, but not by the CaSO^ applications. Moreov(‘f, the smaller 
(Vi(’ 0 , a])plicati()n sooms to hav(» bemi mueh more effe(*tive in that 
direction than the larg(‘r appli(*ati(m. By the time of the third 
sampling, the effects just lueiitiomHl app(‘ar to have vanished, and in 
fa(d, it is ])ossible that th(»y have been supplanted by a depression in 
tb(‘ amount of iron in the soil extra(*t. The gem*ral direction talom 
by the effecds of the soil treatment on the ealeium content of the soil 
extract is what one would ('xp(^(d a priori. The r(\sults indicate, how- 
ever, the inaeeura(*y of the method of determination considered, in the 
large*, since tJie relations between the Cat'^Oj and CaS04 applications 
in small and large amounts do not maintain themselves (*oustant 
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This holds, of course, for the other soils as well as for the greenhouse 
soil, indeed, more markedly so. The phosphorus content of the soil 
extract is certainly not increased, in the two determinations made, by 
the treatment of the soil under consideration. In fact, while it is 
difficult to appraise it as such, there seems to be a slight depression 
in the amount of the phosphorus present in the soil extracts of the 
treated, as against those of the untreated soils. The magnesium is 
affected in the greenhouse soil similarly to the manner in which it 
was influenced in the other soils, but, as in the case of the potassium, 
the results are much more emphatic. It is quite evident that large 
amounts of magnesium go into solution through the influence on the 
soil of CaCO, throughout the period of the experiment, but especially 
in the periods of the first two samplings. (^aSO^, on the other hand, 
only increases the amount of magnesium when employed at the smaller 
application and then only in the period of the first sampling. With 
the larger application of CaS04, in the first sampling and witli both 
applications in the second sampling, there seems to be evidence of a 
depression in the magnesium content of the soil extract. In the third 
sampling, the CaS04 treated soils seem to behave like the control and 
furnish another instance of the phenomenon not(‘d above in the (‘as(* 
of the other soils. The sulphur content of the soil extract is more 
markedly affected by the treatment in qu(*stion in the case of the green- 
house soil than any otlu^r constituent thereof whi,ch we have deter- 
mined. That is, perhaps, not surprisingly so in the case of the CaSO, 
treatment, but it is to be particularly remarked how very great such 
increases are even with the raCO^ treatment, l^nlike the cases of the 
other constituents of the soil extract, moreover, that of the sulphur 
shows the effect of treatment even at the third sampling. 


General Disci^ssion 

From a general survey of our results, a few facts stand out clearly. 
Of the seven ions which we have determined in the extracts of tlu‘ 
soils treated with CaCO^ or with OaSO^, all, with possibly one excep- 
tion — phosphorus — are affected by the treatment in one or more of the 
three soils, m the directions either of increase or decrease in amount 
in the soil solution. The ions are not all affected by the treatment in 
any one soil, however. It appears that the nature of the soil minerals, 
as well as the organic matter content of the soil, and hence probably 
the partial carbon dioxide pressures, are important factors in d<*ter- 
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irjining how CaCO,, or CaSO^ will affe<*t the soil reactions and the 
precipitation or th<» greater solution of given ions in any soil. This 
marked disparity between the nature of soil reactions and their results 
in different soils, seems to have been but slightly appreciated, il‘ at all, 
among soil investigators. We therefore find, on the one hand, the 
iterated and reiterated statements in our t(‘xt-books respecting the 
(effect that lime or gypsum, or both, ex(Tt on the available potash 
supply in the soil solution; and, on the other hand, such statements 
as that by Briggs and Breazeale to which w(‘ hav(» made reference 
above, which deny directly or infereiitially the effectiveness of lime 
and gypsum, in that direction, for a certain soil or a certain mineral ; 
and through the absence of comparison wnth other soils imply the 
denial of the existence of such effects in general. As is freqently the 
case in all matters, the truth lies between these extreme views. Potas- 
sium from th(* soil minerals is rendered soluble in greater quantity 
than normally by applications to the soil of both CaCO.^ and CaR04 
in soim* soils, but not in others. Of the three soils which we have 
studied, two seem to us to show clearly tlie former and one the latter 
effe(*t. 

Working also with onlj’ one soil (.Dunkirk clay loam), Lyon and 
Hizzcll,'* by th(‘ indirect method of studying drainage water from 
lysimeters, and by the possibly direct method of studying absorption 
by plants, showed, prior to the Avork of Briggs and Breazeale, that 
liming of soils does not increase the ]K)tassium content of the drainage 
water, or of plant substance. But, it should be noted too, that in other 
r(*s[)(*cts their results are also at variance A\ith ours. For example, 
they found that the application of lime to soil (to be sure it w^as FaO 
and not FaFO>) did lud increase, and in general, actually de])ressed 
th(‘ amount of (*alciuni in the drainage water and hence proliably, 
though not ne<*essarily, in the soil solution; whereas wo ha\e t\)und 
the calcium content to be higher and distinctly so in all soil extra(‘ts 
but on(‘ from soils treated w'ith either lime or gy])sum regardless of the 
soiFs nature. Tn our opinion, these apparent disagreements are really 
only manifestations of the marked ditr(*ren(‘es characterizing th(» 
])hysical-(*hemical systems wdiicdi we call soils in e(iuilibrium with 
water. When we (‘oiisider soils as such systems, dynamh* and not 
static in nature, and in adilition apply to them the Van Bemmeleii 
formula for absorption by colloids, it is not difficult to undei-sland tlu^ 

8 Lyon, T. L., and Bizzoll, »T. A., Calcium, magnesium, potassium and so<iium 
in the drainage water and from limed and unlimod soils, Jour. Amer. Soc. Agron., 
vol. 8, p. 81, 1916. 
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discrepancies in the reactions between different soils and CaCOj or 
raS04, which we have been studying. While thus we are in apparent 
disagreement with the principle of the indirect results of Lyon and 
Bizzell regarding the eflFect of lime on the ^calcium content of the soil 
solution, wo arc not actually so. On the other hand, we are in actual 
agreement with them as regards the effect of calcium applications on 
the magnesium content of the soil solution. In all soils studied by us, 
we find increases of magnesium in the soil solution, due to CaCOj 
applications, but this does not imply that the same w^ould hold for 
all other soils. Again, we are in agreement with the indirect results 
of Lyon and Bizzell regarding the sulphur content of the soil solution 
as affected by lime applications in the eas(» of the greenhouse soil, but 
not in the case of the clay adobe soil, and probably not in the case 
of the blow sand. 

If we may repeat, therefore, we are apparently forced to conclude, 
from the results of our experiments and from such comparisons of 
them with those of others as we can make, that no general idea of the 
effect of CaCO^ or of CaS04 on the potassium content of any other ion 
in the soil solution can be adduced from any one soil or from any one 
general kind of soil. In some soils, large accretions of soluble potas- 
sium to the solution may be obtained by (’aCO., or ))y CaS()4 applica- 
tions; in others no increases may be obtained. This may hold for any 
ion, but does not preclude the probability that some ions may b(* 
rendered soluble in larger amounts by (^aCO^ in any soil. Whether 
or not the ions which arc rendered sohtble in greater amounts bg the 
application to the soil of Ca(^ 0 ^^ or or both, are also available in 

such larger amount to the plant roots is another question, an affirmative 
answer to which does not ne(*essarily follow from su(‘]i an answer to the 
(juestion which w^e are discussing here. It is to b(‘ noted from our 
results, also, that the time of the year at wiiich ions are sought in th(* 
soil solution, or at least tin* ])eriod elapsing betwwn the application 
of CaCO, or of CaS04 to the soil and the sampling of the latter, are 
important factors in determining the results of one^s findings and 
cannot be overlooked in any such investigations. 

In anticipation of queries which may arise from readers of the fore- 
going discussion, we desire to make very clear and emphatic the follow- 
ing general statement. We do not believe that all of the data given 
by us in the tables are significant, because W'c appreciate the large 
error which ])robably attaches to our method of obtaining the soil 
extract and of analyzing it. Our calculations are such, therefore, as 
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not to be dependent, in any large degree, upon the significance of any 
isolated portion of our data. The table whic'h we hold to be most 
significant is table 3 and the two chief conclusions w^hich we desire to 
draw from our work are (1), that a soil may be distinctly affected, as 
regards the solubility of its constituents through its treatment with 
CaCOn <^1* C'aS 04 ; and (2), that this is not necessarily so, however, 
and may hold for one soil and one constituent in one case, and not in 
another, depcuiding on the nature of the physical-chemical systems 
dealt with and upon the composition of tlu^ soil mineral (*omplexcs. In 
these two comdusions from our experiment, one can find a reconciliation 
of the two diametrically opjiosed views with regard to the effects of 
CaC^O> and CaSO^ on soils and we offer our discussion as a contribu- 
tion to such a reconciliation. 


SrJMMARY 

From exi)erimcnts to determine how CatX)^ and FaSO^ affect the 
water soluble iron, (‘ahduin, magnesium, potassium, sulphur, and phos- 
]>liorus in soils as determined by ordinary water extraidions, the fol- 
lowing outstanding comdusions were drawn: 

1. All soils do not behave alike when treated with (^aFO or with 
FaSC) 4 . Tliey should not be expected to do so, considering their 
mineral (composition, the law of chemical e(]uilibrium, and the nature 
of colloid action in soils. With this coiic<*ption as a basis, the con- 
flicting stateiiKUits in our literature on the effect of CaFO. and FaSO^ 
on the solubl(» potassium sui)ply in soils may easily be ac( ounted for 
and ea<'h view juay b(* n^garthni as (corn^ct under certain circumstances. 

2. Potassium was found to be rendered more soluble by FaCO^ and 
by FaSOt applii'ations in clay adobe soil and in a grcumhouse soil made 
thenffrom, but not in a blow sand soil. 

3. The soluble cahdum content was in(*reased in all soils studied 
by (^a(’0{ or FaSO^ aj)plicatioii8. This dcu^s not prove that the same 
will hold true for all other soils. 

4. The soluble magnesium (*ontent of all soils studied was increased 
by FarO,^ treatment. It seems to have remained unaffected or even 
to have been depressed by FaS 04 treatnunit in all but one case in each, 
the Oakltw and tlie greenhouse soil with the small gypsum application. 

f). 1'he soluble iron content was probably in<creased in the solution 
of the greenhouse soil by the treatment in question. It seems also to 
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have been so increased for a time in the blow sand, but not in the 
clay adobe soil. 

6. The soluble sulphur content was increased in the solution of the 
greenhouse soil by CaCOa applications and probably also in that of 
the blow sand, due to similar treatment. 

7. The phosphorus content of the solutions of the three soils studied 
seems to have remained unaffected by the treatments accorded the 
soils. The indications are, however, that a slight depression in the 
amount of the water soluble phosphorus may have resulted from the 
(^aCOjj or the CaS 04 applications in one case. In this case also no 
generalization is attempted. 

8. It seems that our current teachings ou soils and plant physiology 
should be corrected with these results as a basis. 

Transmitted June 4, 1918, 
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AN INVESTIGATION OF THE ABNORMAL 
SHEDDING OF YOUNG FRUITS OF THE 
WASHINGTON NAVEL ORANGE* 


BY 

J. ELIOT COTT AND ROBERT W. HODGSON 

Tntrodt^ction 

The p:enii.s Ciirus is iitKloiibtedly of tropical origin. Alphonse dc 
Candolle, after much investigation of historical and philological data, 
concludes that the f(‘ral range of the sweet orange is South China, 
Cochin China, Java, and Sumatra, vith a possible extension into India, 
which regions are (*lass(*d ecologically as troj)ical rain forest. Morpho- 
logical evidence of the tropical origin of the orange is abundant, its 
tropical mesophytic nature being indicated by glossy, broad, flat leaves 
of rather loose and 0])en cell structure, long life of h'aves, absence of 
stomatal devices for regulating transpiration, lack of root hairs, and 
lack of a regular and non-interruptable period of dormancy. Living- 
ston^ luus recently iminted out that the most efficient climate for plant 
growth in the United States is peninsular or tropical Florida. The 
significance of this is apparent when wt remember that tropical 
Florida is the only place in the Tbiited Stales where the orange has 
mil wild and been able so to maintain itself. In all countrie,s wdiere 
the swT(»t orange has run wild after having been introduced into the 
New AVorld, such as Brazil, Paraguay, northern Argentina, and to 
some extent in Florida, the climate is distinctly tropical. 

Horticulturists have called attention to the fact that an environ- 
mental complex which is most efficient as regards plant growdh does 
not necessarily conduce to the production of fmit of high commercial 
value. On the other hand, some climatic factors, such as light and heat, 


* Manuscript submitted January 17, 1918. 
1 Physiol. Res., vol. 1, April, 1916. 
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which in excessive amounts tend to retard vegetative growth, intensify 
certain characteristics of the fruit which greatly enhance its market 
value. Tlius we find that the Bahia or Washington Navel variety of 
Citrus sinensis has comparatively little commercial value at Bahia, 
Brazil, where it originated, or in any other tropical country where it 
has been tested. In a scanitropical desert environment, however, this 
variety of orange is high in sugar content, has skin characteristi(*s 
which k»ssen decay in transit, and is possessed of a deep reddish orange 
color wdiich incr<‘ases its salability. For these reasons the cultivation 
of oranges under arid and semiarid conditions has developed into an 
industry of large importance, in which many millions of dollars are 
invested and upon which many thousands of peo])le are dependent for 
a livelihood. 

When we consider the morphological characteristics of the more or 
less xero])hytic v(‘getation indig(‘nous to the n^gion now occupied by 
orange ondiards in (California and note the striking dissimilarity 
b(‘tween the forms of native plants and citrus trees, we may reasonably 
suspect that our orange tre(*s may find it more or less difficult to adjust 
themselv(‘s to the new and strange envinminent. Perhai>s the under- 
ground environment provided by soils whit'h, on a(*count of low rainfall 
and conse(|uent lack of leaching, still retain a large proportion of th(‘ 
soluble salts resulting from the decomposition of soil minerals, would 
])e equally as disord(‘r(‘d as th(» above-ground Environment W(‘re it not 
for the fact that uatcT artificially a])plied by irrigatiem l(‘ssens the 
asperity of ihe conditions m(*t by the roots. Not only is the total 
en\ ironmental complex to which our orange trees are (*xposed incon- 
sistent with their natural re<jui remen ts, but the trees of the Washing- 
ton Xav(‘l variety are lh(*mselv(*s decidedly abnormal. It is the 
universal practice to place scions of the de.sired vari(*ty upon rootstocks 
of other si)eci(‘s of Citrus so that the reci])rocal influ<‘nc(‘s betw'een 
stock and scion come into full {day. ]\Ior(H>ver, th(‘ variety in (piestion 
bears some indi(‘ations of hybrid origin. The blossoms are entirely 
devoid of viable i)oll(‘n, functional ovules are few, the fruits are 
])artially donbbs j)e(‘uliar in structure and seedless, and the vegetative 
partf- exhibit an erratic polymorphism whi(*h has so far proved 
decidedly juizzling. 

It is a matter of common observation that in the interior desert-lik(‘ 
valleys of the arid southwest the Navel orange is somewhat dwarb^l 
in stature, W leaves tend to persist to an unusual age, the voluitu* of 
bloom is abnormally large, shedding of the flowers and young fruits is 
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excessive, and various physiological derangements of nutrition are of 
frequent occurrence. 

In many interior localities where there are but few pests to hinder 
the growth of the tree and where the climatic conditions favor Ihe 
production of early maturing fruit of go?d color and high sugar con- 
ttmt, the excessive shedding of young fruits, or '‘June drop,” as it is 
called, is ])artieularly exasperating to growers, who would undoubtedly 
make much greater profits if some way could be devised to prev('nt 
that part of the drop which is in (*x(*ess of the no/mal and necessary 
amount. An investigation of this problem was Ujul(‘rtaken by the 
writ(‘rs in response to a resolution passed by the (California State Fruit 
Growers’ Oonv(‘ntion calling the attention of the university authorities 
to the urgent lUH'd of an investigation of this subjeud. The rt^sults 
secured from t)])servations and (‘xperiments during the sunini(‘rs of 
1916 and 1917 are 1)rought togetln^r in his paper. 

^lost of the fi(‘ld experiments from whi(*h our data have b(^en 
obtained were carri(‘d on at two stations in K(‘rn (Vmnty; one at 
Edison in the orchards of the Edison Land and AVater (V)m])any, about 
eight miles southeast of Kalu'rsfield, and th(» other about two miles 
and a half distant at East Eakersfield in the orchard of T)r. (\ W. 
Kellogg. Loth stations, on account of being situat(‘d to leeward of a 
considerable stretch of desert ty})ical of tin* southern San Joaejuin 
Valh‘y, exp(*rience the extreme climatic conditions referred to above. 
The Navel orange matures (^arly and is of excellent quality, and wen* 
it not for the light crops lH>rjH‘ this district would be considered 
excdlent for tin* production of Navel orang(*s. Fnder tlu'se climatic 
conditions, unmodified, the drop occurs ovovy year and is not de- 
ptanlent on tlie oc<‘urrenee of dry hot winds, as is the (*ase in southern 
(California. 

At Edison the Navel orange trees appear healthy and vigorous, the 
leaves and branches b.eing quite free from fungous ])ara*sites and scale 
insects. Except for an O(‘casional slight showing of mottled-leaf disease 
the tr(H\s may ])e consid(*red v(‘ry thrifty and of good size for their age, 
which is (fight ycnirs. A gc'ueral view in this orchard is shown in plate 25. 

The soil conditions are good. The tyi)e is Delano sandy loam of 
good depth. No general layer of hard pan exists. Although certain 
bodk^s of hard conglomerate occur occasionally these are not in layer 
formation and do not interfere with the drainage. The soil is ricfii in 
most j>lant foods, though low in nitrogn, wlnfifii, according to an 
analysis kindly made by Dr. V, B. Liimian, runs from .025 per cent in 
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the first six inches to .012 per cent at a depth of three feet. He also 
reports the nitrifying power of the soil as fairly good and the 
ammonifying power as high. The organic matter content is quite low, 
much lower, in fact, than one would suppose from the healthy appear- 
ance of the trees. 

Irrigation water is pumped from wells situated on the tract and the 
irrigation practice follows closely that of southern California. Water 
is applied in four shallow furrows to each middle about once a month. 
This is followed in a few days by shallow cultivation in both direc- 
tions. The amount of water applied is sufficient to wet the soil five 
feet deep and ihroughout the whole area except for a small space 
between the trees in each tree row. In June the temperature of the 
w^ater as used is about 75° F. Hilgard advanced the idea that June 
drop might be caused by low temperature of the irrigation water. 
While it is entirely possible that cold water may influence drop, we 
have found the drop to occur regularly whore the water was not cold. 

TABLE 1 

Moisture Determinations in Edison Sou. 

Furrows run north and south 

Location of sample Per cent moisture baaed on 

with reference water free soil 


to tree 

Depth 

Before irngntmg 

After irrigatmit 

North side 

6 in. 

5.70 

6.38 

North side 

20 in. 

5.04 

6.95 

East side 

6 ill. 

6 72 

12.61 

East side 

20 in. 

7.99 

10.25 

South side 

6 in. 

5.70 

6 04 

South side 

20 in. 

7.87 

7.29 

West side 

6 in. 

7.52 

11.48 

West side 

20 in. 

7.06 

n 60 


A iiraetical horticulturist after examining the trees and digging into 
the soil would hardly eomdude that the trees were suffering for water. 
^Moreover, Fortier states^ that in .sandy loam soils 6 per cent by weight 
of free water is sufficient to keep citrus trees in a vigorous condition. 
In the RivtTside-Redlands districts the average moisture content of 
the soils in citrus orchards runs from 4 to .9 jxt cent, dei)ending on the 
soil type. In spite of this it is possible, of course, that the average 
moisture content of the Edison soil Is below the optimum. 

The management of the orchard consists of clean shallow cultivation 
throughout the year with a fairly deep plown’ng in March. No cover 
cro})8 hav<* as yet been grown. Light applications of manure and com- 


2 Irrigation of Orchards, XT. S. Dept. Agr. Farmers^ Bull. no. 404 (1910) p. 24. 
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mercial fertilizers are given. The roots of the trees fully oeeupy all 
of the middle spaees, and appear exceptionally healthy and vigorous. 
A large numb(*r of healthy roots were taken from a hole dug at the 
center of a square formed by four trees. The vertical distribution of 
roots is good. A hole two feet square was dug to the southwest of a 
tree well beyond th(» spread of the branches. Each six-inch soil layer 
was kept S(»parate and the roots sifted out. On account of the dryness 
of the air comparative weights were not made, but the root distribution 
between the second and sixth six-imdi layer is well shown in plate 42. 

The general h(»alth and appearance of the trees at the Kellogg orchard 
is in every way similar to that at Edison. The orchard is one year 
younger than the plot used in the experimental work at Edison, but 
there is no appreciable difference in the size of the trees, unless it be 
in favor of the trees at the Kellogg place, which is to be explained 
as due to the method of handling the orchard. 

Soil conditions are fairly similar, except that the surface soil at 
Edison is considerably heavier and more compact than at East Bakers- 
field, where the soil would be classified sls a medium sand. Ilow'ever, 
it becomes heavi(T as one goes down until, at a depth of two feet, there 
is no noticeable difference in the soil at the two stations. We are not 
able to present analys(‘s of this soil as to plant food, but there is no 
reason to believe that it differs markedly from that at Edison. 

A radical difference, however, is manifest in the management of 
the two orchards. The main part of the Kellogg orchard is planted 
to alfalfa fpl. 20), and the portions in which our experimental work 
was doni have had alfalfa grown between the trees for three or four 
years. Before planting the alfalfa tlie orchard was carefully and 
effectively laid out in small checks draining one into the other. The 
trees are protected from having vater standing about their trunks by 
ridges thrown up just under the dri]) of the trees. These checks as 
well as the ridges are occupied by a good stand of alfalfa, vhich is 
cut for hay and hauled off. Irrigation water is juimped from wtIIs 
and is applied in copious amounts, the period between irrigations 
averaging about three wrecks, or a week to ten days shorter than that 
at Edison. There can hardly be any doubt but that considerably more 
water is applied to these trees than at Edison. Applications of com- 
mercial fertilizers have been made to the orcliarcl from time to time. 
No detailed study of the root distribution was made but a few holes 
dug for other purposes seemed to indicate tliat the roots tend to go 
down or away from the surface in this orcliard ratlier than to be 
localized in the upper soil layers. 



288 


University of California Puhhcations in Agricultural Sciences [Vol. 3 


Another distinctive feature of the Kellogg orchard is that it is 
protected on three sides by a fairly efficient windbreak. On the north, 
from which direction the prevailing winds blow, this consists of a 
double row of pepper trees (ScMnus molle), and a single row of 
poplars. On the other two protected sides, the east and the west, there 
are rows of eucalyptus. 

The Nature op June Drop 

A cursory investigation of the problem al once (‘stabli.shed the fact 
that the young oranges are shed while still alive and actively function- 
ing and as such the shedding constitutes true abscission. Tt is of 
course quite a diflFerent pro(*ess from exfoliation, which involves the 
formation and activity of a pliellogen. Before pro<*eeding to a dis- 
(Uission of the process of abscission as determim‘d by us, it may be 
well to discuss the amount of bloom, time of abs(*ission, reaction time, 
and other important features. 

Navel orange trees grcjwing under the conditions studied always 
bloom very heavily (pis. 27, 28, and 29). The blossoms are borne on 
shoots of the current seasoirs growth, being preceded and accompanied 
by ne>v leaves. The old leaves do not fall until anthesis is well under 
Avay or completed. Tt is evident, therefore, that during anthesis the 
trees are under a heavy drain, inasmuch as they ate called upon to 
support a heavy l)lo<)m in ‘addition to both the new* and old crops of 
leaves. Shedding of the unopened tiow'cr buds oc(*urs to a small extent 
only. The o])ened flowers exhibit a c<u*tain amount of dimorphism. 
Those cajiable of setting fruit po.ssess larg(‘, fully formed (ivaries, wdth 
jihimp styles and stigmas. In many of the dowers, how^ever, the 
pistils show' a varying degree of degeneration and shedding of the 
flowers is largely confined to such individuals, b(*ginning with the least 
robust and grading off during petal fall and in<*Iuding many of the 
most r(>bust after petal fall. The period of maximum shedding takes 
place when the young fniits are from one-half to t\vo <*entiniet(Ts in 
diametiu*. At first the point of abscission is always at tln^ ))as(» of the 
pedicel (pi. 30), but after the diameter of the fruit has reached one 
centimeter or ThcTeabouts it is usually at the* base of the ovary. It is 
interesting to note that where the larger fruits absciss at the base of 
the ovary, abs(*ission usually occurs also in the cortex at the base of 
the pedicel ; but oi account of the formation of strengthening tissue 
the process is not completed tlirough the vas<*ular elements and although 
the pedicel dies, it remains very firmly attached to the twig. This is 
shown in plate 31. It often happens that a certain amount of strength- 
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ening tissue at the base of the ovary may prevent the fall of the fruit. 
These dead, dry fruits, jis shown in plate 31, are often (piite eonspieuous 
on the trees. Soon after the applieation of the stimulus, but several 
days before aetual separation, the larg(‘r fruits assume a eharaeteristie 
appearance, lasing their luster and taking on a lighter green color. In 
the ease of exposed fruits the yellow color i.s deept^r around the apex, but 
this is not the ease with shaded fruits. It is thus a simple matter to 
select any number of fruits which are destined to absciss several days 
before separation actually occurs. 

Experiments carried on in the laboratory and obscTvations made in 
the field, both in a surv<‘y of the citrus districts of southern C^alifornia 
immediately following the heat wa\e of June* ir>-17, 11)17, and at 
Bakersfield during 191G and 1917, have shown that the time inter- 
vening betwx^en the ai)plicati()n of the .stimulus and actual .sc])aration 
iii from four to ten days. Tin* sliorter periods wen^ obtaimni in the 
laborator>% where the room temxxTature was uniformly high. Our 
obsen’ations are that under field conditions ahstdssioii i.s ordinarily 
complete wdthin five to (‘ight days after the application of the .stimulus. 

Normally, orange blossoms, being borne in cym(*s. o]>en in succe.ssion, 
beginning about ^landi 20 in the San Joa<{uin Valley and continuing 
about one month. Abscission varies wdth th(‘ sc^ason hut usually it is 
in evidence from April 1 to about July 1. a ])eriod of three months. 
The period of maximum shedding occurs during thi' latter half of 
April. It should he n<)t(*d that the .season of 1917 was unifpie in being 
the lat(*st oji record. ]*rotraeted cool weather delayed th(‘ bloom fully 
five wrecks, w ith a (*on.se(iuent dtday of the peufiod of maximum shedding. 
A ciunparison of the mean maximum atmospheric teinpc'raiures for the 
years 1914—17 inclusi\<' is sliown in table 2. The (‘omparath’e lateness 
of th(‘ 1917 s(‘as<m is appan*nt from a study of this table. 

TABLE 2 

AIoNTIU r Arh\N AIaXIMCM TKMrtRATUKFS FOB TE^ MoNTII.s \T BAKERSFIELD 
Pomj)ilecI from V. S. Weather J^ureau Keeords 



lai i 

1915 

1916 

1917 

Jaiiujir^V 

01.2 

60.3 

7)7.8 

.59.3 

Eehriiary 

(57.9 

6.1.2 

69.9 

68.2 

Alarch 

7r>.s 

71.8 

73.S 

69.5 

April 

78.5 

7r>.3 

81.6 

74.7 

May 

86.6 

77..') 

81.1 

77.4 

June 

94.7 

92,8 

93.0 

95.6 

July 

100.2 

9tS.8 

99.0 

104.4 

August 

101.9 

101.5 

95.2 

100.5 

Septouiher 

88.0 

91.9 

93.2 

94.3 

October 

82.9 

87.8 

76.1 

88.5 
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Turning now to a more detailed account of the abscission process 
itself we find that this subject has received considerable study and 
investigation. The nature of the abscission process has been studied 
and described in detail by Hannig* and Lloyd^ for Mirahilis; Balls® 
and Lloyd® for Gossypium ; Loewi^ for Ampelopsis; Kubart® for 
Syiinga and Nicoiiana: Kendall® for Nicotiana; Tison’® and Lee^^ for 
many other plants, to mention only a few of the researches in this 
interesting field. While the histology of abscission in Citrus has been 
described in detail elseuhere^^ by the junior author, it is appropriate 
that a brief sketch be included here. 

As pnwiously indicated, there are two entirely distiiK^t abscission 
zones. One is at the base of the pedicel and the other at the base of 
the ovary. In each case the zone may be considered to be situated at 
the base of an internode where, on account of the power of forming 
adventitious buds, it may reasonably be suspected that the tissue 
retains, to a degree at least, its meristematic nature. The zones con* 
sist of ten to eighteen layers of cells which in young tissue differ his- 
tologically very little, if any, from adjacent tissues In older material 
differences involving shape, size, and cojifent appear That in the case 
of young tissue differences of some kind do exist is shown by the fact 
that after the stimulus lias lieen applied, yet ten to fifteen houi*s before 
visible indications appear, the walls of abscission cells arc differentiated 
by a marked inability to hold certain stains, such as methylen blue. 
From six to eight hours liefore abscission the \valls of the abscission 
cells are refractive to a different degree. 

The first indication of actual abscission is a marked swelling and 
and gf'latinization of the walls, which may amount to as much as 200 

3 rntersuchungen uber das Abstossen von Bluton, Zeitschr. f. Bot., vol. 5 
(1913), p. 417. 

I Abscission in Mirahihs Jalapa, Bot. Ga?., vol G1 (1916), pp. 213-30, pi. 13. 

■5 The Cotton Plant in Egypt (London, Macmillan, 1912), p. 69. 

« The Attscission of Flower buds and Fruits in Ooasypium, and its Kelation to 
Envirounieiital Changes, Trans. Koy. Soe. Canada, ser. 3, vol. 10 (1916), pp. 55-61. 

7 Blattablosung und verwandte Ersebein ungen, Vienna Aend. Proc , vol. 1 
(1907), pf> 166-983; SB. d. math, n at. Kl. d. k. Akad. Wiss., Wien, vol. 116, 
abt 1 (1907), [,p. 98,3-1024. 

8 Die oi,>ciniH{'he Ablosung der Korollen iiebst Benierkungen uber die mohlsche 
TrennungschK'ht, IhuJ.f \ol. 115 (1906), p. 1491. 

» Abscission of Flowers and Fruits in the Rolonaceac with special reference 
to Nirotiana, Uni\ Calif. Publ. Bot., vol. 5 PP* 347-428. 

10 Reoherches sur la chute des feuilles chez les DicotylMones, M4m. Soc. Linn. 
Normandie, vol. 20 ^900), p. 125. 

The Morphology of Leaf Fall, Ann. Bot., \ol. 25 (1911), pfj. 51-106. 

12 An Account of the Mode of Foliar Abscission in Citrus, Univ. (^alif. Publ. 
Bot., vol, 6 (1918), pp 417-28. 
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to 300 per cent. This is followed by dissolution of the gelatinous 
walls, thus freeing the cells which are now surrounded merely by the 
very thin and delicate tertiary membrane. No elongation of the 
tertiarjj^ membrane has been observed. Neither has any cell division 
prior to separation been seen to occur, although immediately following 
separation this often takes place. So far as ascertained, therefore, 
abscission in the orange conforms to the usual type, e.g., schizolysis^® 
representing dissolution of the middle lamellae of the abscission zone 
cells by hydrolysis with subsequent separation. 


Stimuij Leading to Abscission 

The direct cause of al)scission in plants in general is considered to 
be some stimulus \>hieli may be brought into play in a variety of ways, 
depending somewhat on the nature of the plant involved. Lloyd'^ has 
taken pains to eiium(‘rat<‘ some of the diflPerent kinds of stimuli which 
according to various writers have been found to cause abs<*ission. It 
is our purpose to consider these in turn as a possible cause of abscission 
in the Navel orange and ])as.sibly by elimination to arrive at the true 
cause or causes involved. 


MEciiANicAii Shock or Traumatio Stihcli 

Pitting^^ has shown that jarring or shaking the flower stalks of 
Vu'basrum .sp. and Geranium pymKiieum will result in abscission 
within a few minutes. We were iirifible to produce like results with 
Citrus by this niethoil. Moreover, abseksion luus been observed to 
occur n^gularly under conditituis whicdi would preclude the possibility 
of this cause Ixung operative with oranges. 

An effort was made to cause abscission by cutting and bruising the 
young fruits in various ways. The result was a failure in every case. 
Excissioii of the style and petals either separately or together, either 
before or during anthesis, failed to produ(*e abscission Many of the 
fruits from wliieli the style had been removed developed to maturity 
in a normal way. Others abseissed but the reaction time varied so 
widely as to make it very improbable that the removal of the style 
was the stimulus involved, 

13 Correns, Vormclirung der Laubraoose, Jena, 1899. (Cited from Lloyd.) 

1* Abscission, Ottawa Naturalist, vol, 28 (3914), pj). 41-52, 61-73. 

iR II lit ersiu* hunger! iiber die vorzeitigo Entbliitterung von Bliiten, Jahrb., f. 
Wisa. Bot., \ol. 49 (1911), p, 187, 
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In many plants insect injuries have been shnwn to be the cause of 
abscission. The case of the cotton boll weevil is perhai)s the best known 
example, thouj?h it is likely that young fruits of the plum and apple 
react to injuries due to the curculio^® and codling moth’^ in much the 
same way. In view of these observations it is interesting to find that 
oranges are a marked exception to the rule, the young fniits being 
particularly resistant to the effects of insect wounds.^® In the San 
Joaquin Valley there are two insects at least which cause serious injury 
to the fruit. The work of Scirtofhrips cilri results in an extensive 
though superficial scarring of the fruit, yet the fruit develops to 
maturity. The nymphs of the fork-tailed katydid, Scmhhria furcata, 
eat holes in the young fruits (see pi. ;12), the holes sometimes extend- 
ing entirely through the orange. Tliis ins(‘ct produ(*es traumatic 
stimuli of the first magnitude, yet they do not r(‘sult in abscission. 
Large numbers of the chewed, deeply scarred and distorted fruits 
develop to maturity only to he diseanled by tin* pickers at harvest time. 

^Mechanical shock produced by transplanting trees or the root 
pruning incident to heavy spring plowing, such as is necessary to turn 
luider a rank-growing cover crop, is usually followed by more or less 
dropping of the leaves and fruit. It is beli(*\(*d, however, that this 
may be accounted for by the disturbmice of the water relations whi<*h 
f(dlow\s root pruning rather than by the m(M*liani('aI shock alone. 
Balls. by root pruning cotton plants in Eg\pt, was able to cause 
abscission of the bolls, wliieh he (‘xplaiiu'd on the ground of w’ater 
relations rather than shock. This particular phase nf the problem will 
be again referred to later. 


Air TEMPKR.\TrREs and Light Changes 

Abnormally liigh air temperatures or sudden chang<‘s in the tem- 
X)eratur(‘ are by .sunu* inv(‘sti gators consi<h*red tin* (^luse of abscission 
in ('crtain cases. It is evident that the <|m*stion of the influence of air 
temj)eratun* is so involved with otluT important <jU(‘Stions, such as the 
influence of Immidity, air movement, transj)iring powder and the like, 
that it is inadvi.sable to assign specific influence's to this factor alone. 
The same is true of changes in light intensity. Suffi(‘e it to say, bow'- 

16 The Plum Chirculio, H. Dept. Agr. Bur. Ent., Circ. 73 (1900), p. 4. 

17 The Podling Moth, tbul., Yearbook (1887), p. 90. 

18 True ill California, though Hubbard mentions the piinetures of two insects, 
Dyfiderrua suturdlus and Leptorjlossus phyllopuHt as causing the dropping of 
mature oranges in Florida.' Hubbard, H. S., Insects Affecting the Orange, U. 8. 
Dept. Agr., Div. Ent. (1885), pp. 107-69. 

3 9 Loc. cit , p. 68. 
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(»ver, that while a sudden rise in temperature may b(* and often is 
aeeompanied by increased shedding rates, it has 1>een observed by the 
wTiters that profuse shedding of the young Navel oranges takes x)laee 
during j)eriods when no sudden changes or abnormally high tempera- 
tures occur. Tt lias also been noted that abscission of the interior 
and well shadc^d fruits takes i>laee simultan(eously with that of fully 
exposed fruits. Tt is altogether unlikely, therefore, that the June drop 
can be explained on these grounds alone. The relation between 
abscission and tissue temperatures as affected by water defu'its will 
be discussed in another jilace. 

Many inv(*.stigators have noted the marked effec-t of increase in air 
temperatures on the time involved in the s(‘})aratiou process, and we 
have noted the same jdieiiomenon. The efte<*t of cours(‘, as \^ould be 
expected, is an ai^celeration conditioned by tin* magnitude of tli(‘ tem- 
perature change. It ax)p(‘ars therefore to tin* writers that abscission 
following sudden increases in tt*nip(*rature, as noted by s(*\(‘ral inv(*sti- 
gators, may be easily cxplaiiu'd on the ground that the slimulus to 
abscission had be<‘n ac1ivat<*d at some tinn^ sudden change 

in temperature, and the acceleration of the abscission pro(*(*ss, produc- 
ing marked r(*sults in a (‘ornparatively short ])eriod, has led them to 
believe that the (diaiige in temperature is the (*ausative stimulus. 

L\(’K of POM.INATIOX VND FERTILIZATION 

While there is a general rule that x^ollination and fertilization is 
essential to the setting and development of fruits, the rule is con- 
spicuous for its exc<‘ptions, A number of our comm(*rcially important 
fruits, such as bananas, Sultanina grapes, Japant*se persimmons, and 
Navel oranges, arc* distinctly parthenoearpic and do not reciuire the 
stimulus of pollination to insure the setting of fruits which are usually 
see<lless. The Navel oi'angt* does not jirodnce viable pollen, and x>ollen 
from other varieties will only occasionally a(‘complisli fertilization for 
the reason that nearly all of the embr\o sa(*s disintegi*ate instead of 
develo])ing into normal ovules capable of lH*ing fertilized.^^^ Occasion- 
ally a few normal embryo sacs may be x>ro(lu(*ed and seeds result pro- 
vided tin* particular fruits having the normal embryo sacs happen to 
be x><>llbiatcd with viable x>ollen from congenial varieties. Tt is the 
remoteness of the chance of this oc(*urring under ordinary field con- 
ditions that a<*counts for the comi>arative seedlessness of these fruits. 
Apparently there is nothing in the structure of the blossom of the 

20 Ikoda, T., On the Farthenoearpy of Citrus Fruits, Jour* Sci. Agr. Soc, Tokyo, 
vol. 63 (3904). 
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Navel orajige wliieh would interfere with the germination of pollen or 
the normal extension of the pollen tube. The exclusion of pollen by 
the bagging method has shown that in setting fruit the Navel orange 
is entirely independent of pollen. This experimental evidence is borne 
out by the practical experience of growers who secure as abundant 
crops from large isolated plantings of Navels as from mixed plantings. 
It is therefore entirely safe to conclude tliat lack of pollination and 
fertilization of the Navel orange does not result in the stimulus leading 
to abscission. 

Relative Position on Stem 

There is some variation in the relation borne by orange fruits to 
the main supporting axis. As it has been suggested that with some 
other plants this relation largely determines whether a given fruit 
wdll be able to persist, it was thought worth while to investigate the 
importance of this point in connection with oranges. A large number 
of fruits were examined and divid<*d into two ('lasses: those wdiich 
terminated the axis, and those which did not. These two classes are 
well illustrated in plate 33. It seems reasona])le to suppose that in the 
case of the non-terminals, an organ of limited sec’ondary thickening 
(the pedicel) being in competition with one of unlimited secondary 
thickening (the main axis) might suffer from an iiuTeasing prejudice 
to its water supply. It was found by counts ot large numbers of 
fruits that the ratio of terminals to non-terminals was 5 to 6. The 
new current season growth vhich bore terminal fruits averaged 3.8 
leaves per shoot, wdiile the non-terminals averaged 3.n»l leavt^s per 
shoot. In the latter case 1.85 leaves were below and 2.1 leav(\s above 
the fruits. Counts of fruits which had succ('ssfully survived the 
abscission period showed on one tree lb terminals to 31 non-terminals, 
but on another tree 25 terminals to 14 non-terminals. Counts of 
dropped fruits also failed to support the above* supp(Ksition, and it is 
evichnt from our examination of large numbers of speedmens that 
abseission in this case is quite independent of such differeiu'cs in the 
relation of fruit to axis as is shown in plate 33. 

The Qas Factor 

It has long beem r("cogniz(*d that the subjc'ction of certain plants to 
an atmospliere eontaining tra(M\s of various narcotic or poisonous gases 
is sufficient to cause abscission of leaves and other plant parts. One 
of the first indications of smelter fume injury is the shedding of the 
leaves of C(*rtain jilant.s due to the presence of sulfur dioxide, which is 
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a combustion product in the reduction of sulfur-containing^ ores. G. 
J. Pierce*^ has shown that when SOo is present in as small quantities 
ajs three to five parts per million abscission of the leaves of (jertain 
forest plants occurs. Several investigators have reported abs(d8sion 
of flowers and leaves of various plants when subjected to minute traces 
of illuminating gas, ether, chloroform, ethylene, and other poisonous 
gases. Further, two investigators have reported’^* 23 abscission of the 
leaves of citrus plants when subjected to an atmos}>here containing 
traces of illuminating gas. We have obtained similar results with 
potted plants. Within four days after subjection to illuminating gas 
all the leaves were shed. 

The exhaustive work of L. I. Knight and W. C/rocker^^* on the 
effects of illuminating gas and smoke upon plants has shown rather 
conclusively that the response is largely if not entirely due to the 
toxicity of the ethyleiu‘ present. It has been shown by E. M. Ilarvc'y^® 
that as minute traces as one part per million are suffieiimt to cause 
marked reactions on the part of the plant. 

Preliminary experiments carried out in our laboratories with 
excised citrus slioots subjected to various gases, including illuminating 
gas, have indi(*ated that uiuhu’ sucli conditions abscission is not appre- 
ciably accelerated by any of the gases. The time at which shedding of 
the leaves took plac(‘ was approximately the same in ordinary room 
atmosphere as in varying con(*entrations of illuminating gas. 

Peirce^* has shown that one of the effects of smelter fumes is to 
cause excessive transpiration from certain ]>lant parts prior to their 
abscission. This is accounted for by the decom]>osition of the 
chlorophyll in the guard cells of the stomata, resulting in decreased 
stomatal regulation of transpiration. As will b(‘ pointed out later, 
S‘ev(‘ra] inv(‘stigators have eoncliuhnl that abnonnal water loss during 
a part of the day, Tcsulting in considerable fluctuations in the leaf 

-1 1. A Report of an Invostiffation coiKhitced for V. S. Department of .Distiee, 
3913, un}>iiblishc(l manuscripts in the hands of D. S. Attorney General. 2, Report 
of Selivy (\>mniission, to F. S. Bureau of Mines, 1913. 

22 Til Citrus limonia. Shoiinard, F., The Effect of Illuniinatii.g Gas on Trees, 
Yonkers, N, Y., Dept. Pub. Works (1903), p. 48. 

23 In Cttrus dvenmana. Doubt, Sarah S., The Resimnse of Plants to Illuminat- 
ing Gas, Bot. Gaz., vol. 63 (1917), pp. 207-24. 

24 The Effect of Illuminating Gas and Ethylene upon flowering Carnations, 
Bot. Gaz., vol. 46 (1908), pp. 259-76. 

25 Toxicity of Smoke, t&iV?., vol. 55 (1913), pp. 337-69. 

2«SoTne Effects of Ethylene on Metabolism of Plants, ibid., vol. 60 (1915), 
pp. 193-214. 

27 Expert testimony incorporated in Records of Federal Court, District of 
Utah, Salt Lake City, 
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water content, is sufficient in certain plants to cause abscission. In 
the light of these observations abscission of i)lant parts when exposed 
to smelter fumes is explainable x)urely on the basis of abnormal water 
relations. 

Tn an effort to ascertain whether in the case of illuminating gas any 
such relation holds true, we have made a careful study of the stomata 
of (‘itrus l(‘aves and have to report that at an early period in the life 
of the leaf they lose their power of functioning and remain practically 
closed thereafter. This is significant in view of our findings mentioned 
above, namely, that illuminating gius is not a direct stimulus to 
abscission in Citrus, at least with ext*ise<l shoots. In the case of potted 
plants it seems probable that it works in an indinMd manner through 
disturbances in the physiological balance. In (‘onnection with the 
question of the effect of illuminating gas upon the <*hloro])hyll of the 
guard cells, it should be mentioned that 11. M. Richards and D. T. 
MacDougal"*^ have r(‘ported that chlorphyll formation is greatly 
retard(Ml when the plant is su])jected to an atniosi^here containing 
traces of this gas. 

Th<' fumigation of citrus trees Avith hydrocyanic* acid gas for the 
control of s(*ale insecds is practiced quite g(‘nerally and with marked 
siK'cess in (California. It is the general (‘Xperit*nce that under certain 
conditions lieavy dosages of this gas result in abs(*ission of the older 
leaves.*® Res(*ar(*hes by Ost(*rhout‘^^‘ and Moore and Willaman”^ have 
shown that when subjected to tra(*(‘s of this gas the [)<*rm(*ability of 
cytoplasmic septa is markedlA altered, causing an imuM‘asc*d loss of 
water. Tn the light of these observations it is entirely pcwssible to 
(‘xplain dro])])ing of citrus h*av(*s due to fumigation on a pur(*ly wat<*r 
relation basis. 

Fumigation injury to the blossoms or fruit. vAludher large or very 
small, consists of j)itting and burning which r<*siilts in scars on the 
fruit. Ap[)arently in no case* does fumigation (»f young Nav(‘l orange's 
with hydro(*yaTiic acid gas furnish a stiTriulus to abscission. 

The whole subject of the eff(*ct of gases in causing abs<*ission of 
plant ])arts is in a very unsat isfactoiy state* at the pr<*sent time. In 
view of the mass of conflicting data, as w(*ll as the fact that abscission 

The InfliK uee of CarboJi Monoxide and other (iases u})on lUnntH, Bull. Torr. 
Hot. <'lub, vol. :n 0904), p]>. 57-66. 

20 Wootlworth, W., and others, School of Fumigation, Pomona, California, 
])p. 162-04, August, 1915. 

30 Similarity in th. Effects of Potas.*5iuni Cyanide and of Ether, Bot. Oaz., 
vol. 63 (1917), p]>. 77<-HO. 

31 Studies in Oreenhouao Fumigation with ITydrocyanic Acid: Physiological 
Effects on the Plant, .Four. Agr. Res., vol. 11 (19i7), ])p. 319-38. 
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of young Navel oranges oeeurs throughout the great interior valleys 
of California and in distriels very remote from any possible sourc^e of 
noxious vapors, there is little possibility that the gas factor can be 
oi)erative in the case under consideration. 


Fi^ngi and Bacteria as a Cause of Abscission 

Although the belief is commonly hold by plant pathologists that 
fungus panisites sometimes cause the sh(‘dding of j)lant parts, the 
literature on this ])hase of abscission is very meager. Inoculations 
with Barit riion ciirarffat it hs, the organism causing Citrus Jilast. 
carried on in our grctmhouses hav(» shown that wluui tli(‘ organism is 
inoculated into the tip of the young leaf th(‘ latter is shed within a 
few days. Rolfs has n^portc'd that sh<*<.lding of mature oranges fre- 
quently (XMUirs in Florida. dm‘ to the common wither tip fungus, 
Collrlotrirh KHi (jh ffsparioith s. However, w(‘ are con<'erned here with 
the shedding of immature fruits and it is by no means clear that the 
process resulting in sh(‘dding is the same in both cases. 

For many y(‘ars growers of Washington Navel orang(‘s hav(* ex- 
perienced losses from a black rot diM^ase of the fruit whi(*h manifests 
itself jis a stimulation of the fruit, causing it to grow to an extra large 
size, rijxm early and assuim* a d(*ep red color, with a c(‘rtain amount of 
dropping. This disease was first noted by X. B. Pien'e'^- in 1892 and 
was first d(*S('ribt'd by him in 1902^^ as ‘‘Bbu'k Rot of the Navel 
Oratige’’ caused by tin* fungus r //«/■/>/ ciiri. 

The fruit is inf(‘(qe<l when (iuit<‘ small, ])robably just before or 
soon after the style is shed, through the cracks and im})erfections in 
the ])roliferations of the navel (pi The fungus is a weak parasite 

and nunains (iuies(*ent, oj* nearly so. during the growing period of the 
young fruit, at which time the fruit is more or bvss resistant to the en- 
croachments of [airasit<\s. With the decline in Augor incid(‘nt to aj)})roach- 
ing maturity tlw^ fungus be<*omes more active and exerts a stimulating 
intluen(M‘ o!i the fruit, causing it to take on a dee]> reddish-yellow (‘olor 
and to ripen earlier than tlie jiorinal fruit. In a small and restricted 
area the c(9]s of tlie pulp are broken down and become a nauseating 
mass of black fungus mycelia and spores. The rind is left uninjured 
until the disease has made (‘onsiderable progress within, but ultimately 
a black and decayed spot appears on the surface near the navel end. 
A C(Ttain proportion of the infected fruits early shows a yellow spot 

32 IT, S. Dept, Aj»r. Yearbook (1892), p. 239. 

BsBot. Oaz., vol. 33 (1902), pp. 234-35. 
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about the navel end and drops from the tree when about one to two 
inches in diameter, or even larger. The remainder persist to maturity, 
the disease coming into evidence at picking time, in transit, in storage, 
or not until in the hands of the consumer. 

Early in 1916 our attention was directed to the fact that on dissec- 
tion a relatively large number of the shed fruits and fruits about to 
drop were found to have a discolored area under the navel end. In 
many cases a dark colored, gummy mass was present, although in others 
the tissue immediately under the navel was only slightly discolored 
(pi, 35). In some fruits there was no evidence of any such spot or 
area. A few of the dropped fruits were sterilized in mercuric chloride 
(1-1000) and placed in small moist chambers. To our surprise these 
cultures showed practically 100 per cent infection with an Alternaria, 
Other cultures were made with the same results. Therefore we con- 
cluded that it was well within the realm of possibility that the June 
drop was due to the same fungus causing black rot and decided to 
investigate the matter more thoroughly. 

The fruits had reached a size of one or two centimeters and the 
blooming period was entirely over, precluding any investigation as to 
the source and manner of infection in 1916. Theref(>re our efforts in this 
direction during 1916 were confined to attempts to determine, if pos- 
sible, the extent of the infection. Cultures of m^ny hundreds of 
shed fruits, and fruits about to fall, from many districts of the state 
were made both by the method above describ(*d and by inserting a 
piece of tissue from the discolored area into slanted tubes of Shear’s 
corn meal agar. The cultures uniformly sliowed a high percentage of 
infection with AUernaria, A few cultures were then made using 
healthy green fruits picked from the trees. The percentage of infec- 
tion v^as small. Still later in the season dropj)ed fruits from four to 
five centimeters in diameter (pi. 35) w'ere collected from districts as 
far apart as Oroville in the Sacramento Valley and El Cajon near 
San Diego. Cultures made from these fruits showed practically 100 
per cent infection. 

Although the number of cultures made was too small to justify 
a broad gentTalization, the work done in 1916 was sufficiently 
productive to form the basis for a working hypothesis which was 
advanced as a theory" to account for the June drop of Washington 
Navel oranges. Other experimental work under way had indicated 
the pres(mce of certain abnormal water r^dations between the young 
fruits and the leaves immediately behind them, which phenomenon 
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will be discussed more fully in a later section. Briefly, the theory 
advanced was that excessive transpiration from the leaves caused 
water together with enzymatic solutions secreted by the fungus in the 
navel end to be drawn back through the vascular system of the young 
fruits through the pedicel and thus provide the stimulus to abscission 
That there is no mechanical difficulty involved in this theory was 
borne out when by means of dyestuff solutions it was demonstrated 
that the vascular system running to the navel or secondary orange 
traverses the central pith or core of the primary fruit, which thus 
serves as receptacle and stem to the smaller fruit (fig. 1). 



Fig. 1. Structure of the Navel orange. The central pitli containing fibro- 
vascular buinilcs acts as the stem of secondar} fruit. 

Further evidence tending to support this theory lies in the fact 
that black rot is much more prevalent in the interior valleys than in 
the coast regions. In faet, there seems to be a certain correlation 
between the amount of black rot and the amount of droj). The r(»ason 
for the greater prevalence of black rot in the hotter, more arid districts 
was not uncovered until later; this will be brought out in another 
section. 


Alicrnaria ciiri, Ellis and Pierce 

During the winter of lOlfi a careful study of the alternarias 
obtained in our cultures was made and disclosed the faet that although 
there were several strains of Altern<xria obtained, one particular type 
rather easily recognizable after a little practice, was by far the most 

s^Coit, J. Eliot, and Hodgson, B. W,, The (^ause of June Drop of Washington 
Navel Oranges, Univ. Calif. Jour. Agr., vol. 4 (1916), p. 10. 
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common. In addition we obtained one strain possessing the ascigerous 
stage, which of course classified it in the genus Pleospora. Several 
Macrosporium strains were also isolated. 

Considerable effort was made to identify the Alternaria strain 
so commonly found, but we have been unable to satisfy ourselves 
thoroughly in this regard. While the literature is indeed voluminous, 
there is apparently no reliable monograph of the genus. Recently, 
however, there has appeared a critical study of the taxonomic char- 
acters of the genus.'’**^ The genus Alternaria is one of the most uni- 
versally distributed of the common forms of the Fungi Imperfecti, 
It embraces about fifty species, although it has been shown by Elliott 
that a large number of the species of the closely related genus Macro- 
sporium really belongs to the genus Alternaria, Among these species we 
find active parasites as A, solan i (E. and JI.) J. and G., w^eak or facul- 
tative parasites as A, citri Ellis and Pierce, and saprophyte^s as A, 
tenuis Nees. Certain species have already been secured in the perfect 
or ascigerous stage wliieh has always proved to be Pleospora, Since 
the strain under consideration \\as uniformly obtained from oranges in 
a district where black rot is common it is probably the same form found 
by Pierce and called Alternaria citri We were unable to find the 
original description by him, which does not seem to have been pub- 
lished. However, after examining the literature and drawings of 
Alternaria citri, particularly as given by Rudolph.'*’* we feel reasonably 
sure that we are dealing with Alternaria citri E. and P. and throughout 
the remainder of the discussion we shall proceed on that assumption. 

The spores of Alternaria citri are borne in long chains (pi. 3G), 
which readily break up, allowing the spores to float away in the air. 
It seemed important to determine whether the infectitm of oranges was 
accomplished by spores borne by the air or thase carried by honey- 
bees and other insects. TIk^ following methods were employed. Petri 
dishes containing Shear’s corn meal agar were ex|:)osed for five mhmtes 
in different localities. After a few days had elapsed in order to allow 
the various bacteria, molds and other fungi 1o assume colony form 
and the Alternaria, if present, to produce spores, the dishes being 
inverted ^v<Te placed under the low power of the microsc()f)e and the 
colonies of xMiernaria easily distinguished and counted. On account 
of the length of the spore chains and certain other morphological 


Elliott, J. A., taxonomic Characters of the Genera Alternaria and Macro- 
sporum, Am. dour. Bot., vol. 4 (1917), pp. 439 -76 

18 A New Leaf Bj>ot Disease of Cherries, Phytopathology, vol. 7 (1917), pp. 
188—97. 
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characters which became familiar with practice, it was easy to dis- 
tinguish between various other species of Aliermria which were 
occasionally met with. 

The specialized cells lining the stylar canal of orange flowers secrete 
a pure white sugary mucilage which is exuded upon the stigma in a 
rather large drop. This material is an excellent medium for the growth 
and sporulation of Altcrnaria, as was determined by trial, the fungus 
fruiting heavily in a short time on smears kept in a moist chamber. 
In order to determine the amount of infection of blossoms in the 
orchard, the stigmas were clipped with sterile scissors on agar plates 
and the resulting growths examined a few days later for the charac- 
teristic spore chains. The data secured in this way are presented in 
tables 3 and 4. In the interior valleys 89 per cent of the stigmas were 
infected and in coast localities 76 per cent. It is found that the air 
generally throughout the state carries AUernaria spores in abundance. 
In interior localities AUernaria spores were taken in 78 per cent of 
exposures with ten centinuder agar plates; in some places near the coast 
in 63 per cent. It w^as also shown that while bees may and do carry 
spores from one blossom to another the number of spores in the air is 
sufficient to cause widespread infe(»tion without the aid of bees. 


TABLE 3 

Nuteient Agab Plates Exi’osed to the Air, 1917 


Locality 

Date 

Alternarta 

present 

Alternana 
not prebent 

Whittier 

May 3 

IS 

3 

Highland 

May 6 

10 

0 

Edison (under tent) 

May 3 

1 

2 

Oroville 

May 14 

10 

2 

Berkeley 

May 17 

0 

4 

Fre*<no 

May "2^ 

2 

0 

San Leandro 

June 3 

1 

4 

Fair Oaks 

June 12 

5 

0 

Edison (orchard) 

Juno 22 

1 

2 

Edison (desert) 

Juno 22 

3 

2 

Corona 

June 27 

3 

0 

Whittier 

June 26 

2 

1 

Riverside 

June 29 

6 

3 

Berkeley 

Oct. 25 

1 

5 


In this connection the question naturally arises as to why, if the 
infection of the stigmas near the coast is as great as 76 per cent, there 
is such a relatively small number of black rot oranges. The reason 
apparently lies in the fact that the average configuration of the navels 
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is more irregular, jagged and rough (pis. 34 and 37) in the interior 
valleys than in the coast districts, where the navel formation is much 
more commonly smooth or submerged and elased. This imperfect and 
open condition of the navels in the interior valleys, as will be brought 
out later, is due to the harsher environmental complex to which the 
fruits are subjected during the growing period. Everyone is familiar 
with the fact that fruits borne in exposed positions, particularly in 
the top of the tree, are very apt to be coarse and rough with large 
protruding navels, w^hile the interior fruit is much finer in texture. 
The prevalence of AUermria spores in the coast districts is certainly 
not much less than in the interior valleys, but the amount of infection 
is much less because of the smaller number of imperfect navels. 

TABLE 4 

Miscellaneous Cm tures 


Locality 

Date 

Kind of material 

AUernaria 

present 

Alternaria 
not present 

Whittier 

May 3 

Ka\el blossoms 

10 

0 

Whittier 

May 3 

Valencia blossoms 

2 

2 

Highland 

May 6 

Navel blossoms 

14 

0 

San Jos^ 

May 25 

BJossoms 

4 

1 

Oroville 

J^fay 14 

01i\e blossoms 

1 

0 

Oroville 

May 1 4 

Na\el .styles 

8 

0 

Oroville 

May 14 

Bees about trees 

3 

1 

Oroville 

May 14 

Lady bird (J\(Jaha sp.) 

1 

0 

Berkelev 

May 17 

Dead style from greenhouse 

i) 

1 

Berkeley 

May 17 

I>eatl tuig from greenhouse 

0 

1 

Fresno 

May 28 

Orange blossoms 

5 

0 

Sacramento 

May 25 

Oiaiige IdosHOms 

5 

0 

Fair Oaks 

June 12 

Orange blossoms 

9 

0 

Edison 

Apr. 24 

Orange blossoms 

11 

1 

Edison 

Apr. 25 

Bee*5 about trees 

3 

3 

Hiverside 

.Time 27 

rition stvles 

2 

0 

Edison 

May 2 

NuMd blossoms 

4 

1 

Edison 

May 2 

Valencia blossoms 

4 

0 

E<lison 

May 2 

Pomelo blossoms 

2 

0 

Edison 

May 2 

Soil from under trees 

0 

2 

Edison 

May 2 

Bees about trees 

1 

1 

Edison 

May 2 

Navel blossoms from tented tree 0 

0 


As is sh(n\n in table 4, Alfvradnn spores an* present on almost all 
the style.s, both in coast and in interior valley districts. Tn order to 
ascertain wh(»ther infection occurred by the fungus growing down 
through the style into the navel end, material knowm to be infected 
with Altfnuma was put up in paraflBne, sectioned, and stained. 
Although the fungus was conspicuous on the stigmatic surface no traces 
of fungus mycelium could be found in the stylar tissues. This fact, 
together with the fact that infection is definitely correlated with the 
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configuration of the navel end, renders it reasonably certain that 
infection occurs some time after the style has been shed. The spores 
are probably blown and find lodgment in ragged open navels where 
they are held in the crevices till enfolded and overgrown by the rapidly 
developing ovary (pis. 34, 37). Inasmuch as the configuration of the 
navel as well as its size and degree of insertion are exe(*edingly variable, 
it is evident that only in a comparatively small and variable number 
of eases are the spores or myerdium so 8ituat(*d as to permit germina- 
tion or growth. Altfniaria citri is a weak parasite and cannot pene- 
trate the unbroken skin of an orange. While it is not capable of pro- 
ducing any widespread breakdown in the tis,sues of immature oranges, 
it is abh‘. after introdmdion into tlie fruit, to bring about a certain 
stimulus or irritation \Aliich, according to our tlieory, results in abscis- 
sion of a certain f>roportion of the young fruits. It is certain that as 
the fruits grow and apf>roach maturity the abnormal size, premature 
ripening, and (‘xtra dee]) (H)lor are the dire(‘t results of this stimulation. 
It is also considered highly probable that a certain x)ro}>ortion of tin* 
splitting or dehis(*ence of the carjads which is so serious in int(Tior 
valleys is connected with the stimulation of these infections. 

Referring again to the wide distribution and g<ui(‘ral prevalenee of 
Alter naria spon\s in the air, it is evident that the s])ores may be trans- 
ported in large numbers for great distances. Tht* source of infection 
is by no means limitiHl to the vicinity of or«diards. The fungus gi'ows 
readily as a saphrophyte on dead leaves, wchmIs, twigs, and other j)lant 
d('d)ri.s and it is entirely possible for s])ores to 1)0 ))rought in from 
forest an*as in tle‘ mountains many miles away. Spores have been 
tak(‘n in the des^'rt far from cultivated crops. In the dry air of the 
San Joacpiin Valley the black rot oranges which fall under the trees 
are not immediately decomposed by PctncilUa, Fusaria, and other fungi. 
They tend to mummify and after the Alft maria spreads through the 
interior it comes to the surface, and the spores there formed give these 
mummies a black color, as shown in ])late 3S. These mummies, togetlier 
witli the large number of abscissed styles from the blossoms, undoubt- 
edly furnish a greatly increased supply of spores at the critical time 
in the development of the fruit. 

A rot of apples occurring in Colorado’'^ has been described as caused 
by an undetermined species of Altcmaria. Judging from the draw- 
ings presented in plate 4 of Longyear’s publication, the fungus is very 
similar to if not the same as that wdth which we are dealing, ^Moreover, 

87 Longyear, B. O., A New Apple Bot, Colorado Agr. Exp. Sta. Bull. 105, 
3905. 
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there is a marked similarity between the modes of infection. Accord- 
ing to Longyear (p. 7) : 

The reason why certain varieties of the apple are particularly subject to 
the blackened seed cavity is found in a structural peculiarity of such varieties. 
Thus a longitudinal section through such an apple usually shows a very deep 
calyx tube, which, in many cases, extends to or meets the core, or even opens 
into it. In such cases the fungus has evidently reached the core through this 
passageway by following the united styles and the inner wall of the calyx tube, 
(Italics ours.) 

Only certain varieties of apples, such as the Wine.sap, Ben Davis and 
a few others which have the structural peculiarities above mentioned, 
are found to be affected and in this connection Longyear’s remarks on 
page 12 are of particular interest to us. 

Some of these varieties are among those which are reported as dropping 
their fruit badly in some seasons during June and July, but whether or not the 
fungus plays any part in this matter has not been determined. 

The experimental work with Alternaria in 1917 for several reasons 
gave quite different results from those obtained during the previous 
season. As is shown in tables 3 and 4, cultures made from stigmas 
early in the season showed a high per cent of AUtrnnria infection. 
However, a very large* series of cultures made somewhat later in the 
season, from the young fruits om*-half to tv\o ceritimefers in diameter, 
to our astonishment showed a very small per cent of infection, (hilture 
after culture showed no AUo'naria at all. Som(*what later, when the 
fruits were larger, cultures of the shed fruits sliowed a higher per cent 
of infection, while a few cultures made wh(*n the dropped fruits were 
four to five centimeters in diameter showed a high per c(*nt of Alitr- 
naria infection. 

Inasmuch as by far the greater part of the drop occurs while th<* 
fruits are one-half to two centimeters in diameter, at whhih time* our 
cultures showed comparativ(*ly little Alternaria infectioii, it is evident 
that the shedding of this part of the crop <*an not be attribut(*d to 
Alternaria. However, it is to be noted that, as was the case in 1916, 
toward the end of the period of shedding the dropped fruits showed 
a steady increase in the per cent of infection. Evidently, then, the 
shedding may be divided into tw’^o parts, the first including small fruits 
which may or may not be infected until Alternaria^ the second includ- 
ing larger fruits \diich are infected with Alternaria, 

Inasmuch as the climatic conditions in the San Joaquin Valley 
during the 1917 season were considerably more severe than in 1916 
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(fig» 6), and therefore the average configuration of the navels more 
ragged and open, to what can we attribute this dilfenmce in the amount 
of infection with Alternariaf We believe that this diflEerenee is easily 
explained by a study of the mean maximum temperatures for the tw^o 
seasons. In table 2 these are shown for the years 1914-17 inclusive. 
For the 1917 season, taking the months of January and February, we 
see that they are about average for the last four years. March is four 
or five degrees below the average, April still more, and even May is 
below the average. June is several degrees above the average for the 
last four years and July shows an average mean maximum temperature 
of 104.4° F, considerably above the average. In other words, the 
early part of the season was cooler than usual and the bloom was 
delayed a mouth or more. Coincident with the end of the blooming 
period the w(‘ather clianged radically and became very hot and dry and 
continued so for at least three months. Conditions were unfavorable 
for infection by Altrrnaria; its growth was inhibited although the 
spores wen* i)re8ent. In fact, the amount of drop due to Aliernaria 
in 1917 is practically negligible, and this is supported by the fact that 
there were very few black rot oranges at Edison at harvest time. On 
the other hand, the season of 191 G was noted as a relatively cool, 
pleasant summer and as such was favorable for infection by AJi( maria, 
with the result that there were many black rot orang(‘S. 

In this <*onnection tin* (luestion arises, why are not other citrus 
varieties grown in these arid districts subject to infection by Altrrnaria 
with a cemsequent shedding and loss due to l)lack rot / The answer 
aj)])arently lies in two facts: that other varieties an* not so susceptible 
to shedding, which will be discussed later, nor are they morphologically 
adapted to infection by the fungus. Plate 39 shows the apical end of 
a small Valencia orange highly magnified and it is evident that there 
is no favorable entraiu'c for the fungus spor(*s. Plate 34 shows a 
similar view of a Navel orange with very favorable conditions for the 
lodgment of fungus spores. 

During the course of these investigations a great d 'al of time and 
effort was devoted to attempts to ascertain by inoculation methods 
whether the stimulus of AUernaria cifri which manifested itself so 
clearly in the change of color of the fruit might not also be the cause 
of abscission of the young fruits. On account of several peculiar 
difficulties inherent in this particular problem we have so far been 
unable to secure conclusive results. The three most important of these 
difficulties may be mentioned briefly as follows : 
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1. Referring again to plate 29, it is apparent that the excessive 
number of buds occasions a severe struggle for survival, only a com- 
paratively small number being able to acquire water and food sufficient 
for development. As it is impossible to determine in advance which 
if any of a group of similar buds is destined to remain, it is evident 
that if the sterile stigmas of all are inoculated just previous to open- 
ing many will eventually fall from other causes. Moreover, the con- 
siderable period of time involved and the frequent necessary opening 
and closing of the hags in an atmosphere shown to be filled with spores 
would introduce an eh^ment of serious error. Platt* 40 shows one of a 
numl>er of trees used futilely in efforts to get results in this way. 

2. Orange flowers are dimorphic, as before mentioned, a certain 
number being destined to fall because the ovary is not capable of ^ 
development. The configuration of the navel is to a certain extent 
fortuitous. In some cases tin* epidermal folds are so adjusted as to 
admit infection, in others not. It is obviously out of the question to 
examine each fruit frequently and vvitli siiffi(*i(*nt minuteness to deter- 
mine whether during grov\th an opening suffieic'iit for the entrance 
of the fungus was or was not available, 

• A species of aphis is very common on Malva and other weeds 
under the trees. P'’or some r(*asoa not at present clear, the insect is 
unable to increase to any extent when feeding on flu* orange h*ave'8 
in the open. IIoweviT, it was found that whenever a twig was enclosed 
in a i)aper bag or a tree ciicIomkI in a eheeseeloth tent (pi. 40) the 
ajihis multiplied at an astonishing rate. In about half the liags on 
the tree shown the twigs were defoliat(*d and killed by th(* sudilen 
development of a mass of aphis from young and minute individuals 
wdiich were inadvertently included within the bags in spite of all pre- 
cautions. 

Summing up the relation between Aliermna and that part of the 
June drop wdth which it is always associated, w'e have to conclude that 
inasmuch as tlie presence of the fungus ami its ability to })rovidc a 
certain stiinulus have been demonstrated, it is not unreasonable to 
suppose that abscission may be another manifestation of the same 
stimulus boih in the case of Navel oranges and in the apple varieties 
referred to aoove. Satisfactory scientific evidence of this point, how- 
ever, is lacking as yet. 
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The Relation of Abscission to the Environmental Complex 

It has long b(3('n noted that there exists a marked correlation 
between climatic conditions and the prevalence and amount of the 
June drop. This correlation has been discussed somewhat hy the .iunior 
author in another plaoe^^ and has been reflected in the general attitude 
of growers who are x)rone to assign June drop to hot north w’inds, 
sudden change's in tein])(‘rature, and olhf^r cause's, most of whiedi are 
climatic in nature. 

Ill oreler to obtain more accurate information in this regard an 
investigation of the yield per tree in different citnis districts, where 
all other factors except the climatic complex were comparable, w^as 
• carried out during the season of 1017. The results were striking and 
show» mast pronounce<l correlation between climatic conditions and 
yield when all otlu'r faet<»rs such as orchard management, ete., are 
fairly comparable. It w'as found that, assigning a yield of 100 per cent 
to the distriet averaging the highest crop, whicli district is cliaracter- 
ized by considerabh' summer heat but moderate atmospheric humidity, 
the farther inland tiie district lies the smaller is the < 0 * 0 ]). This is 
precisely the ord«‘r in which tlu' asjK*rity of the eiiviroinnental (*om- 
plex is heighteru'd, the atmospheric humidity decreasing and the 
averagt' summer tc'mfx'ratnre inereasiug. Moreover, and more im- 
portant, distaius' from the eoast brings with it increasing lialiility 
to sudden <*hanges in the weather wiii(*h react most unfavorably on 
crops, particularly when in certain stages. The distiacts where these 
eliinatie conditions are most severe, namely, the roaehella Valley and 
the southern San Jt)a(iuin Valley, show" a yield of approximately 
25 i)er c(*nt of that of the most climatically favored district. At 
intermediate stations the extent of the drop and eonse<iuently the size 
of the crop is easily correlated with weather conditions during the 
critical period. This w'as exi'mplified by the almost total loss of the 
Navel crop in the distriet between Corona and Redlands in 1917^ wdien 
a dry north w"ind of unprecedented severity w-as aeeompanied by maxi- 
mum daily teinperatun's as high as F from June 15 to 17. 

This correlation between asperity of climatic conditions and amount 
of crop, or wdiat amounts to the same thing, the prevalence of dropping, 
w"as very ax>parent in the orchard w'here our experimental work w'as 
done at Edison. The yield from the particular ten-acre tract used w-as 

llo(ig«oa, Robert W., Some Abnormal Water Relations in Citrns Trees of 
the Arid Sontliwest and their Tossible Significance, Ihiiv. Calif. Publ. Agr. Sei., 
vol. 3 (1917), pp. 37-54. 
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56 per cent less in 1917 than in 1916 though the trees were a year older 
and should have yielded more. The asperity of climatic conditions 
during the critical period in 1917 as integraded in the Livingston white 
porous cup atmometer (pi. 41) was approximately 40 per cent greater 
than during the same period in 1916. This fact is brought out in 
table 5, where the water loss from atmometers at different stations in 
the United States is shown. Grove” station in 1916 is fairly com- 
parable with ^‘Cultivated” station in 1917, as is the case with the two 
“Desert” stations. Further evidence of this correlation is afforded 
by the mean maximum temperatures obtaining -during the critical 
period in the development of the young fruit (table 2). During this 
period in 1917 (June and July) the mean maximum temperatures 
were 95?6 F and 104?4 F respectively, while those for the critical 
period in 1916 (May and June) were only 81?1 F and 93T0 F. 

TABLE 5 

Comparative Loss from Cylindrical White Porous Cup Atmometers at 
Different Stations in tue Ignited States for the Month of June 

Average daily loss for 


Station 24 hours in cc. 

Miami, Fla.* 35.9 

Urbana, illinois^ Ib.l 

Alfalfa’^ Station, East Bakersfield, 1917.... 38.5 

Whittier, 1932 22.8 

Berkeley, Calif., 193 7 23.1 

West Raleigh, Korth Carolina* 28,0 

Gainesville, Florida* 28.7 

''Tree’' Station, Edison, 3910 32.9 

San Diego, Calif.* 33.0 

Cameron, Louisiana* 33.4 

‘^Tree’’ Station, East Bakersfield, 1917 35.8 

Riverside, Calif., 3912 43.4 

Dickinson, North Dakota* 45.0 

^ * Grove Station, Edi.son, 1916 48.1 

^^Yard^^ Station, Edison, 1936 ,55.1 

Desert Station, Edison, 1916 69.1 

Reno, Nevada* 69.5 

^ ‘ Cultivated ^ ' Station, East Bakersfield, 3917 71.7 

Tu^’son, Arizona* ' 73.0 

Dalhart, Texas* 80.7 

Desert^’ Station, East Bakersfield, 1917 94.0 


* Livingston, B. B.. A Fltiidy of the Relation between Snmmer Evaporation Tnfenaity 
and Centers of Plant Distribution in the United States, Plant World, vol. 14 (1911), 
pp. 205-22 

This correlation is again reflected in the comparative yields in 
general throughout the state in the seasons of 1916 and 1917. The 
latter season has been noted for its long continued, high temperatures 
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and low humidity, while the former was as equally marked by its rela- 
tively low temperatures and equableness. The crop in 1917 over the 
entire state is not estimated to be more than 40 to 50 per cent of that 
in 1916. 

All the more recent fundamental work in plant physiology has 
indicated that for plants growing in the open the water relation is 
the limiting factor. It is at once obvious that under the conditions 
obtaining in the arid southwest it is the water relation which is most 
likely to be strained. This is particularly to be considered in connec- 
tion with the previously mentioned fact that the genus Citrus is 
undoubtedly of tropical origin and therefore not well adapted by 
nature to withstand the tremendous water loss incident to the severe 
climatic complex obtaining under arid conditions. 

Evidence tliat abnormal water relations due to the intiuence of the 
environmental complex may furnish the stimulus to abscission is not 
lacking. In regard to the cotton plant Balls‘“‘ says; '‘It is certain 
that the main factor, if not the only one, is the water-content of the 
plant.'* Lloyd,*^ also working with cotton, concludes that "the water 
deficit is the cause of rise of temperature in the tissues, and this 
constitutes the stimulus which directly leads to abscission." Iloward^^ 
has noted the fact that abnormal water conditions in the soil are 
imiiK'diately shown in the indigo plant, hidigofrra arreefa, by leaf-fall 
or by the shedding of flowers without setting seed, llis interpretation 
of these results w ill be referr(»d to later. The junior author has already 
presented data to show that at Edison an abnormal water relation 
does exist in orange leaves and young fruits during the critical 
period. lie has shown that a daily wat(T deficit of 25 to 30 per 
c<mt oc(*urs in the young fruits, which deficit is made up at night. 
These deficits are at their maxima during the afternoon, at which 
])eriod ihv atmospheric pull on the plant for water is at its maxinnim. 
A contributing factor to theae water deficits lies in the fact that under 
stress of the trenu'iidoiis atmospheric pull for water the leaves actually 
appropriate w'at(*r from the young fruits. This strain on the plant is 
not localized but extends throughout the tree. Tensions developed by 
exterior foliage are transmitted quickly to interior fruits and even to 
distant roots as w’as showni by several experiments; for the sake of 
brevity only one w’ill be described. 

39 hoc, cit., p. 69. 

40 Tlie Abscission of Flower-buds and Fruits in Gossypium, and its Relation 
to Environmental Changes, Trans. Koy. Soc. Canada, ser. 3, vol. 10 (1916), p. 61. 

4J Soil Aeration in Agriculture, Agr. Res. Inst. Pusa, Bull, 61, 1916. 

42 Loc, cit. 
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On May 4, 1916, a large number of apparently healthy terminal 
fruits about one-half inch in diameter were selected on six trees at 
Edison. Lot A was left as a cheek, lot B was treated by clipping off 
with scissors one-third of tlie leaves of the current season’s growth 
behind the fruit. Lot C suffered excision of two-thirds of th(» leaf area, 
and lot D had all of the leaves removed, leaving the fruit terminating a 
bare stem about six inches long. Unfortunatel 3 ^ a few of the limbs 
in these trees were removed by tree primers. On November 16 the 
remaining labels were located and a re(*ord made of the number of 
fruits which persist(‘d to maturity. 


TABLE 6 

Effect of IiFJ)r(Tiox of Acjac’ent Leaf Area on Abscission 



Number 

Inheled 

Numbor labels 
found 

XumV>er of 
fruit set 

A. Check, not treated 

200* 

ir>5 

29 

B. One-third leaf area removed . 

200 

IfCl 

19 

0. Two-thirds leaf area removed 

200 

170 

37 

D. All leaves removed 

200 

167 

21 


Thus we see that the reduction of adjacent leaf area had no effect 
on the drop and inasmuch as eosin solution was drawn through oranges 
in situ to the stem in lot 1) very nearly as (piiekly as in lot A, it is 
evident that the tensions referred to have to do with the tracheal 
system as a whole, as is to be ex]>e(‘ted, and do not tend to be local I/ ahI 
in any particular part of the tree. 

TABLE 7 

Presence of Lithium Nitrate in Leaves I^ehind Fruits Injected with 
Dry Crystals as Shown by the Spectroscope 




Experiment began at 12 M. , 





First 

Seeond 

Third 

Fourth 

Fifth 

Sixth 

Se%’euth 

Twelfth 

Time 

leaf 

leaf 

leaf 

leaf 

leaf 

leaf 

leaf 

leaf 

12:30 p.M. 

Posi- 

Posi- 

Posi- 

Nega- 

Nega- 


Nega- 


30 minutes 

tive 

tive 

tive 

tive 

tive 


tive 


1:00 P.M. 

Posi- 




Posi- 

Nega- 



1 hour 

tive 




tive 

tive 



2:00 P.M. 

Posi- 



Posi- 




Nega- 

2 hours 

tive 



tive 




tive 

.3:00 p.M. 

Posi- 



Posi' 





3 hours 

tive 



tive 





4 :00 p.M. 

T*osi- 




T*osi- 

T*osi- 



4 hours 

ti ve 




tivo 

tive 



12:00 M. 

Ver . 

Very 

Nega- 

Trace 





24 hours 

sliirht 

slight 

tive 

(?) 






trace 

trace 







Cheek 

Nepra- 

Nega- 








tive 

tive 
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The withdrawal of water from the fruits by the leaves has been 
further substantiated by the use of dry crystals of lithium nitrate 
injected into the navel end of the young fruits and testing for lithium 
in the leaves proximal to the fruits at different periods following in- 
jection by means of the spectroscope. Tliese results are summarized 
in table 7, where it can be seen that within a half hour, in spite of the 
fact that the lithium nitrate was injected dry into the fruit and had 
to go into solution in the freed cell sap, its presence was shown in the 
leaves behind the fruits. 

Water relations of this same general sort have been established by 
a number of ollu^r investigators in plants where such deficits do not 
constitute a stimulus to abscission. X'nd(‘r this category are to be 
classed Renner ‘‘satigungsdefizit’’ and the phenomenon of ‘'in- 
cipient drying” descri])ed by Livingston and Brown^'* and established 
in other plants by Lloyd’*'^ and Edith B. Shreve.*® 

To determine actually the ultimate connection between abnormal 
water relations of tin* type noted and the abscission of young fruits has 
const itut(‘d a most difficult problem, and the evidence indicating such 
a connection has b<*en obtained from several different lines of attat»k. 
Altliough not as (‘onclusivo as could be desired, still we believe that it 
is suffici<*nt to indicate in general the relation between the two. It is 
hoped tliat additional evidence can be obtained during the next season, 
which evidence we were unable to get during our investigation through 
lack of sufficient e<juipment and apparatus. 

As was mentioned in the descrijdion of the East Bakersfield station, 
this orchard is planted to alfalfa, prote<‘ted by an (^ffiehmt windbreak, 
and heavily irrigated. The noteworthy fact, liowever, is that this 
orchard habiiuaUg b(ars crops in (verif wag comparable to orchards of 
ihi same age and general ire at me nt located near the ce)ast. Although 
situated only three and one-half miles from the Edison station and 
having the same exposure*, the trees being one year younger, and all 
conditions similar in every way with the ex(‘eptions noted, this orchard 

43 Experimoii telle Beitriige ziir Kenntnis der Wasserbeweguiig, Flora, vol. 103 
(1911), pp. 171-247. 

44 Bolation of the daily march of transpiration to variations in the water 
content of foliage leaves, Bot. Gaz., vol. 53 (1912), pp. 309-30. 

43 The Relation of Transpiration and Stomatal Movement to the Water Con- 
tent of the Leaves of Fouguttria sphndens, Blant World, vol. 15 (1912), pp. 
1-14; Leaf Water and Stomatal Movement in Goss i/p hem and a Method of Direct 
Visual Observation of Stomata in situ, Bull. Torr. Bot. Club, vol. 40 (1913), pp. 
1-26. 

46 The daily march of transpiration in a desert perennial, Carnegie Inst, 
Washington, Publ. 194, 1914. 
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bears heavy crops (pi. 26 ), and has been profitable ever since it came 
into bearing three to four years ago. 

The conclusion cannot but be forced that in the exceptions noted 
lies the secret of the heavy set of fruits. In order to obtain some idea 
of the climatic conditions obtaining within this orchard as compared 
with those under Edison conditions we had recourse to what metero* 



Fi^. 2. Comparison of daily atinometor water loss at four different stations 
at Edison in 1916. Ordinates, water loss in cc.; abscissae, days of tbe month. 


logical instruments were available to us. While much more significant 
results '^ould have been obtain(»d had we poss<*ssed more equipment, we 
feel that our data, while jicssibly not accurately quantitative, at least 
are qualitative enough to justify our conclusions. Air temperature 
and humidity readings were taken by means of a Freiz thenno-liygro- 
graph. We vtre particularly interested, however, in the integration 
of all the climatic factors in their effect upon the plant and for this 
purpose selected the Livingston white cylindrical porous cup atmo- 
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^meter^’ (pi. 41). We are cognizant of criticisms of this instrument 
by Briggs and Shantz,-** but believe that for our purpose it is suffic- 
iently accurate. Due to a lack of a sufficient number of these instru- 
ments we were unable to run a series simultaneously at Edison and 
at East Bakersfield but we did operate them under as nearly similar 
conditions at the latter place in 1917 as at the former in 1916. Know- 



Fig. 3, ConipariHon of the average daily atmometer water loss from the 
stations referred to in figure 2. 


ing something of the relative harshness of the two .seasons, both as 
reflected in the amount of dropping and in the data taken by the U. S. 
Weather Bureau observer at Bakersfield, we are able to approximate 
fairly wdl the climatic conditions at Edison in 1917 for comparative 
purptxses. The water loss from our difftTent stations at the two locali- 
ties is well shown in figures 2, 2, 4, and 5 and in table 5. 

At Edison our atmometer stations were selected as follows : *‘Tree^’ 
station was located underneath an orange tree near the center of the 
orchard, about one-half mile to leeward of the edge of the orchard 

47 The Kelation of Desert Plants to Soil Moisture and to Evaporation, Car- 
negie Inst. Washington, Publ. 50, 1906. 

*8 Comparison of the Hourly Evaporation Rate of Atmometers and Free 
Water Surfaces with the Transpiration Rate of Medicago sativa, Jour. Agr. Res., 
vol. 9 (1917), pp. 277-96. 
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which bordered the desert. ‘‘Grove’' station was situated in the open ^ 
orchard midway between the tree just mentioned and its neighbor. 
“Desert” station was located on the open, bare desert about one-half 



Fig. 4. Daily evaporation from atmometers at four different stations at 
East Bakersfield in 1017, Ordinates, water loss in ce.; abscissae, days of the 
month. 


mile to windward of the edge of the orchard and many miles to leeward 
of any irrigated land (pi. 41)). The data accumulated for nineteen 
days are shown in figures 2 and 3 and table 5. 



1919] CoitSodo»on: Abnormal Shedding of Washington Navel Orange 315 


At East Bakersfield our atmometers were set up at the following 
stations: *‘Tree^’ station was similar to ‘‘Tree^’ station at Edison 
except that the tree where it was located was in the orchard planted 
to alfalfa. “Alfalfa” station was located similarly to “Grove” 
station at Edison but of course was surrounded on all sides by alfalfa, 



Fig. 5. Average daily water loss from atmometers at the stations referred 
to in figure 4. 


which averaged some twelve to eighteen inches high. “Cultivated” 
station was located in every respect similarly to “Grove” station at 
Edison and the two “Desert” stations were similarly situated. The 
data accumulated for fourteen days are shown in figures 4 and 5 and 
table 5. 
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It is at onco obvious, looking at the stations, which are in every 
way comparable, that the critical period in 1917 was considerably more 
severe than in 1916 (fig. 6), which difference has been i)ointed out with 
respect to the yield of the Edison orchard. It is also equally evident 
that the water loss from the soil and plants has a most profound effect 
in ameliorating the atmospheric evaporating power and that this effect 
is cumulative wuth the direction of the prevailing winds. Thus at 
Edison the ‘^Desert’’ atmometer lost an average of 69.1 cc. to 48.1 ce. 
lost by the ‘‘Grove” station and at East Bakersfield the same stations 
lost water in the ratio of 94.0 cc. to 71,7 ec. At Edison the orchard 
environment during 1916 w^as sufficient to cut down the asperity 
of the climate about 45 per cent, w^hile at the Kellogg place in 
1917 it was sufficient to reduce it 31 per cent. The atmometer 
inside the tree lost only tw^o-thirds of that lost by the instrument at 
“Grove” station or only 45 per cent of that at the “Desert” station. 
Thus w’e can see the marked effect of an orchard in modifying its 
owm environmental complex. It is undoubtedy this influence which 
the orchard manif(\sts per sr which explain.^ to some d(‘gree wdiy it is 
that as orchards planted in exposed districts grow’^ older, the percentag(‘ 
of yield increases more than the increase in si/e of tre<^ The fact that 
inside fruit is subjected to an entirely different climate than exj>osed 
fruit serves to explain w’hy it is notably of better t(*xture and grade 
and why it posvsesses so few’ large and protuberant navels. Wt* have 
observed that Navel oranges grown in the University of (California 
greenhouses are of markedly superior texture and navel conf(>nnation 
to those produced outside, w’here conditions are not so mild or uniform. 
Again, it is this cumulative modification of the climatic complex fol- 
lowing the direction of the prevailing wind which explains the fa<*t 
that a notably heavier set of fruit occurs on the south and cast side 
of the trees. This condition has been frequently mentioned and was 
quite marked at Edison in 1917. 

But the most striking modifications in climatic conditions are to be 
seen w’ith reference to the situation at East Bakersfield. Although the 
Desert station atmometer lost an average of 94.0 cc. the Alfalfa station 
instruuKiit lost only 18.5 cc. or only 20 per cent as much. Reference 
to table 5 serves to show that here is a climatic change within a 
half mile in the San Joaquin desert of the same magnitude as that 
between Miami. Florida, and Tucson, Arizona. The effect is, of course, 
largely due to tiie fact that the alfalfa transpires at a tremendous rate 
and the atmometer cup at that station was continuously bathed in an 



Maximum daily temperatures for [)eriod April I." to August 1. 1916 and 1017. 
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almost saturated atmosphere. The windbreak served to prevent the 
blanket of moist air from being rapidly dissipated. The loss from 
Tree station is seen to be 35.8 cc., or only 30 per cent of that lost by 
the Desert instrument. Although the effect of the alfalfa cannot be 
exerted at any very considerable height above the ground, still it is 
certain that the orange trees (with the young developing fruits) sur- 
rounded by this transpiring alfalfa are literally bathed in a damp 
atmosphere ; at any rate so far as the tree is concerned it is subjected 
to a very different climate from that which obtains on the desert. The 
influence of the alfalfa in modifying the atmospheric humidity can 
clearly be seen when the crop of oranges is picked, for under these 
conditions most of the fruit is borne near the ground and less in the 
tops of the trees. At Tree station, East Bakersfield, thernio-hygro- 
graph readings were taken for a period of twenty days. A study of 
the record for the period of the investigation shows some interesting 
results. At no time did the temperature rise above 107*^ F although 
in the laboratory, a quarter of a mile away, temperatures of 110° to 
112° P were registered several times. The most significant feature, 
however, is the relative humidity curve. The lowest humidity reached 
was 25 per cent, which occurred at the time that the 107® F tempera- 
tures were recorded, July 9 and 21. The average relative humidity 
during the day was between 40 and 50 per ct^id. In 1916 at Edison 
we recorded humidities as low as 10 per cent and the average relative 
humidity was betwwn 25 and 35 per cent. It is unfortunate tliat we 
w’cre not able to obtain simultaneous tc*mperature and humidity read- 
ings at the Desert station in 1917, but in view of the fact that the 
1917 season has been showm to be much more severe than the 1916 
season there is little doubt that in 1917 the relative humidity w’as 
somew’-hat low’er and the temperature somewdiat higher than in the 
former season. 

\Ye recognize clearly that in agricultural enterprises it is unsafe 
to rely upon climatic averages. It is well know'n that wuth some crops 
success or failure depends largely upon the extremes of climatic con- 
ditions experienced during a certain critical period in their grow’tli. 
However, it should be borne in mind that conditions which tend to 
ameliorate the environmental complex not only raise the general 
average favorably, but also have a distinct modifying effect upon 
extremes in v eather conditions which may occur. Indeed, it seems 
probable that this is the most important effect of the alfalfa and 
windbreaks in the Kellogg orchard. It is not so much the higher 
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average humidity as it is the greater freedom from extreme variation 
in climatic conditions which serves to enable the young fruits to 
survive. 

As referred to above, the junior author^* has shown in another place 
that a marked water deficit occurs both in the young fruits and the 
leaves under the climatic conditions obtaining at Edison and has sug- 
gested that these abnormal water relations furnish the stimulus to 
abscission. If this be so, then when there is little or no dropping of 
the fruits and (*onsequently a good crop, such abnormal water relations 
should not be found. An effort was made at the East Bakersfield 
.station in 1917 to establish such abnormal water relations, but it was 
found impossible to do so (table 8). Instead of there being a regular 

I’ABLE 8 

Average Moistt^re (’ontent at Different Times of Day 

Average water content in 
per cent, calculated on 


1)0818 of dry weight 

Kind of material 1916 1917 

Normal fruits onc-third to three-fourths inch in diameter 

gathered before noon 260.2 285.3 

Same, but gathered after noon 247.0 283.9 

Leaves of current season’s growth, gathered before noon 164.9 174.9 

Same, but gathered after noon 157.2 182.6 


decrease in water content of similar leaves and fruits during the day, 
which is made up during the night, no sueh relation was found. At 
East Bakersfield the leaves and fruits, in the first place, averaged 
somewhat higher in moisture content than those taken at Edison. 
Secondly, although as nearly similar in every respect as possible, 
duplicate series showed an absolute lack of uniformity, the variation 
sometim(\s being as much as 30 to 40 per cent. Finally, no average 
decrease in water content either of the fruits or leaves was found 
to occur during the day. It should be mentioned that irrigation at 
the Kellogg place is not uniform, relatively small tracts being irri- 
gated at one time and these thoroughly soaked. As it was found in- 
convenient to take all the leaves and fruits from the same trees it is 
possible that some of the variation in moisture content noted may he 
attributed to variations in soil moisture. However, under the marked 
modification of climatic conditions which has been shown to occur as 
a result of the management of the orchard, it is believed that such 
abnormal water relations do not occur, at least to anything like the 
extent to which they do under the unmodified climatic conditions. 


« Loc, cit. 
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Am to the ultimate stimulus beyond abnormal water relations we 
can do little but speculate. Lloyd'^® has expressed the idea that increase 
in temperature following water deficits may be the ultimate stimulus 
to abscission. It has long been known that plant parts, when for any 
reason deprived of a normal supply of water, suffer an increase in 
internal temperature. In an effort to furnish additional evidence as 
to the presence of abnormal water relations, as well as to obtain some 
idea of the temperature changes incident to such water deficits, we 
took some temperatures of fruits destined to fall, fruits suffering 


from a water deficit by reason of the fact that the tree was permitted^ 
to suffer for lack of irrigation, and temperatures of normal fruits. 

These are found summarized in 

tables 9 and 10. 

It will bo seen that 


TABLE 9 


Interior Temperatures op Fruits, Fahrenheit 

Hour 

Fruit dostmed 
to drop 

Normal 
healthy fruit 

Air 

9 

91.8 

91.4 

91.5 ^ 

9:20 

94.1 

91.5 

93.2 ' 

10 

96.3 

93.0 

95.9 % 

31 

100.4 

96.9 

97.5 

12 

102.2 

98.0 

100.4 

1 

106.5 

100.9 

105.8 

2 

110.5 

104.9 

110.1 

3 

109,9 

107.2 

109.0 

4 

111.9 

110 3 

110.8 

5 

111.2 

110.3 

107.2 

5:30 

107.6 

107.6 

106.2 

Average 

103.8 

101.0 

101.0 


TABLE 10 


Interior Temperatures op Fruits, Fahrenheit 

Hour 

Fruit suffering 
from dt ought 

Normal 
healthy fruit 

Air 

8 

87.3 

86.9 

90.1 

9 

91.4 

90.5 

92.1 

10 

95.5 

95.0 

97.5 

11 

98.6 

97.2 

100.2 

12 

102.9 

100,4 

103.6 

1 

104.2 

103.5 

105.2 

2 

104.9 

104.0 

107.6 

3 

106.2 

105.8 

107.6 

4 

104.0 

104.0 

104.0 

5 

101.3 

101.3 

101.6 

6 

98.6 

98.6 

98.2 

7 

93.2 

93.2 

94.1 

Averap^e 

99.0 

98.2 

100.1 


60 Loc. cit. 
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the normal fruits average somewhat lower in temperature than the 
air, and in turn those destined to drop are somewhat higher in tem- 
perature than the air. Fruits permitted to suffer for lack of water 
show a temperature approximately that of the air surrounding them. 
It may be that increase in temperature due to wat(*r deficits is the 
ultimate stimulus to abscission, still it should be pointed out that the 
increases in temperature as recorded by us are of a much smaller 
magnitude than the daily range in temperature changes. We are 
fully aware, of course, that strictly accurate temperatures of plant 
tissues can only be obtained by thermo-electric means, the mercury 
thermometer being too subject to fluctuation and variation for very 
delicate work. 

Paotors Opkr\ti\e in CvrsiNG Water Relation Strains 

It is of course obvious that, given a plant transpiring a certain 
amount of water vapor daily, unless there be a sufiieient water supply 
in the soil within reach of the absorbing roots to make up for that lost 
by the plant and in addition supply enough for its metabolic processes, 
water deficits of the kind mentioned must eventually oc(*ur. That 
und(T these conditions such do occur and that they are followed by an 
abnormally severe shedding of the young fruits when in the critical 
period, is the observation of the authors and the experience of many 
growei’s. Tn the s(‘ason of ]9]() the junior author had under observa- 
tion a ten-a(Te block of orange trees in the Oroville divstrict which 
had be(*n top worked to the Washington Navel variety five years 
previously. They bloomed very heavily and set an excellent crop. 
Through an accident to the irrigation system preventing a sufficient 
supply of water these trees wen' allowed to suffer for lack of water 
at till' time when the young fruits were about one centimeter in 
diameter. At th(' time of irrigation several da^s later the fruits had 
not fallen and it was hoped that the crop could be saved. Within a 
week practically every fruit was shed, although the trees looked well 
and had entirely recovered from the drought. 

Observations, confirmatory in every respect to those given above, 
were made on a row of trees at the Kellogg place in 1917. These trees 
were permitted to suffer for lack of irrigation. Although the only 
trees in the row which at the time bore fruits in the critical stage were 
of the Valencia variety, which variety is much less subject to shedding 
than the Washington Navel, still within a week after the application 
of the water many of the young fruits had fallen. The desirability of 
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a proper moisture supply in the soil at the blooming and setting period 
is reflected in the practice of many growers who irrigate their orchards 
heavily at such times as well as during the periods of hot, dry north 
winds. 

In this connection it should be noted that Fowler and Lipman®^ 
have recently shown that under conditions of a soil moisture supply 
somewhat below the optimum the visible effects upon the citrus tree 
are a great deal less than under conditions of the same percentage 
above the optimum moisture content. In other words, these authors 
have shown that the citrus tree does not exhibit the effects of a deficient 
soil moisture supply to the same extent that it does an excess of 
moisture in the soil. It may well be, therefore, that many of our 
citrus orchards are uiid(»rirrigated and the irregular w^ater relations 
above discussed aecentuat(‘d by reason of this fact. The authors feel 
that many of the orchards studied in this investigation would probably 
do better wdth heavier irrigation, ]\Ianif(»stly it would be useleas to 
attempt methods of modifying the climatic complex with the end in 
view of cutting down daily uater <leficits, if the soil moisture supply 
is deficient. Therefore, the grower should first make certain that 
sufficient soil moisture is available. 

It has long been known that the presence of suffici(»nt moisture in 
the soil is not conclusive evidence that the plant is enjoying optimum 
moisture conditions. Plants inhabiting salt marsh regions po.ssess their 
xerophytic adaptations by reason of the fact that although growing 
with their r(X)ts in w^ater or mml they are unable to obtain water in 
any large amounts and are forced to economy in the use of it This 
inability to absorb water has been traeed to the ratio between the 
osmotic concentrations of the soil solution and the cell mp of the roots, 
and such a condition is called ‘‘physiological drought.’' Physiological 
drought may be induced by the inhibition of absorption through the 
action of factors other than the osmotic concentration of the solutions 
involved. 

Among the most important factors conditioning absorption is that 
of aeration It has long been knowui that when growm in w^ater cul- 
tures many plants make very unsatisfactory grow'th. Hall. Brenchley, 
and Und(Twood®- have recently showm that this unsatisfactory growth 
is due to la(*k f>f aeration and can be remedied by passing a stream of 

Optimum Poifiture Conditions for Young Lemon Trees on a Loam Soil, 
Univ. Calif. Puhl. Agr. Sri., vol. 3 (1917), pp. 25-36. 

The Soil Solution and the Mineral Constituents of the Soil, Jour, Agr. Hci., 
vol. 6 (1914), pp, 296*-30l. 



1939] CoitSodgson : Abnormal Shedding of Washington Navel Orange 323 


air through the solution. The economic applications of this principle 
are many, but are of course particularly evident in regions where 
through special conditions lack of soil aeration is emphasized, as is the 
case in certain parts of India. The soil is naturally very heavy and 
easily packed by the torrential rains. Lack of aeration is accentuated 
during certain portions of the growing season by the occurrence of 
monsoons and tropical rainstorms of great severity. Howard"*® has 
shown most conclusively that under these conditions the production 
of the gram or chick-pea, (yicer arieiinum, grown to the extent of over 
eighteen million acres, is absolutely conditioned by the soil aeration. 
If the §oil is permitted to become packed by summer rains and the 
air supxdy cut otf, the i)lants wilt down with water actually stand- 
ing on the surface of the soil. Absorption is cut down to practically 
nothing, while transpiration is not reduced in the same ratio, resulting 
in ultimate wilting. While not extensive, all the experimental data 
available on the ])roduction of this crop in (California show this same 
intoleranc<^ of lack of soil air. Howard has shown this same condition 
affecting fruit trees and other crops, among wdiieh is the indigo plant. 
Pr(»p54 sho^^n that with Coleus blumei ‘^even a very small decrease 
of oxygen below that normal to the atmosjihere is injurious to the 
plant. Thus a plant, the roots of which were sup])lied vith gas con- 
sisting 75 per cent air and 25 per cent nitrog(*n, was injured within 
three days and killed within 45 days. With lower oxygon content in 
the soil atmosphere injury and death are still more prompt. In 
many cases the lack of aeration is first evidenced by the shedding of 
the leaves and flowers. Soils of arid regions in general arc well 
aerated, and especially soils of open structure such as sands and 
sandy loams. Therefore it is not likely that lack of soil aeration is 
the factor conditioning absorption of water by citrus trees. Ilow’ever, 
this problem is now^ under investigation and will be rei)orted on later. 

lTnd(‘r nu^st eojjditioiis of lack of aeration not only is oxygen 
deficient but ('arbou dioxide is present in exc(‘ss. The experimental 
data available seem to indicate that wiiile in general lack of oxygen 
and excess of carbon dioxide in the soil atmosphere are detrimental, 
there is no set rule. Cannon,’''^ and Livingston and Free”® have shown 

Soil Aeration in Agriculture, Agr. Bes. Tnst. Pusa, Bull. 63, 1916. 

B4 Cannon, W. A., anti Free, K. K., The Ecological Significance of Soil Aera- 
tion, Science, n.s. vol. 45 (1937), pp. 378-80. 

On the Relation between the Rate of Root-Grow'th and the Oxygen of the 
Soil, Ann, Rep, Dir. Dept. Bot. Res., (^arnegie Inst. Washington, Yearbooh 15 
(1916), pp. 74-75. 

8« Relation of Soil Aeration to Plant-Growth, i&id, p. 78. 
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that there is considerable variation in this respect, some plants, such 
as Sdix sp., growiiij? and thriving in a soil containing no oxygen. 
Apparently the limiting concentrations of these gases must be worked 
out for each plant separately. As to the specific effect of lack of 
oxygen and excess of carbon dioxide resulting in changes in absorption 
rate little is definitely known. The first effe<*t seems to be a slowing 
down of growth, wdiich in turn being ordinarily accompanied by the 
imbibition (in the case of the embryonic growing regions of the root) 
of w'ater in considerable amounts, reduces absorption markedly. The 
exact relation betw^een growth and absorption is not well understood 
at the present time; but it has been shown by XTacDougab"*' and others 
of the Carnegie Institution that growth of embryonic tissues is mainly 
accomplished by the imbibition of large quantities of wnter. It can be 
readily seen, therefore, that if conditions are unfavorable for growth, 
imbibition and absorption must necessarily be reduced. 

Another factor wtiich acts in a very similar way to lack of aeration, 
and one little appreciated up to the present time, is that of soil tem- 
perature. Every year adds more confirmatory evi<1er]ce to j)rove that 
the temperature relations of physiologi(*al j>i*ocesse8 follow^ certain 
t} pical curves, wdiich se<*m to be identical or clo.s(*ly relatt‘d for processes 
of the same fundamental nature in different organisms. The effects 
of temperature on physiological processes, both in j)lants and animals, 
have been investigated by many w^orkers and in g^mcral a modified 
curve of the Van't Hoff type has been obtaim^d wdiere the most careful 
work has been done. In such curv<*s several cardinal points can be 
di^terminod, namel,^', the minimum temp(*ratur<‘ at which the process 
goes on, the maximum temperature beyond which th(» process no longer 
continues, and the optimum temp<*ratur<* at which the process is most 
active. Tliis last term has been supers<*de«l by what is known as the 
maximum rate temi)erature, rc^pnjsenting that temperature above w'hieh 
the rate is ultimately decreased and below^ wiiich the* same occurs. 
Blackman''^® has shown that the term ojdimum temperature is in- 
definit(‘, since at certain temperatures physiological j>roccsses are ver>' 
rapl i for a time but then slow down, due to the introduction of a time 
factoi. The maximum rate temperature is that temperature above 
which a time factor is introduced resulting in an ultimate retardation 
of the process. 

These cardinal temperatures differ somewdiat for different processes 
but still more markedly do they differ for the same proc(*s« in different 

67 Jhid., Yearbook 15, 2916. 

68 Optima and Limiting Factors, Ann. Hot., vol. 19 (1905), pp. 28l‘-95. 
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organisms. Thus Howard'^® has shown with wheat that at the germi- 
nating period a fall of 10° to 12° P from 84° to 72° may mean the 
difference between success and failure in obtaining a stand, since the 
growth rate is almost inhibited at the former temperature. On the 
other hand, Cannon^*'* has shown that the maximum rate temperature 
for the mesquite, Vrosopis vclutina, and Opuntia is about 93° P. 
Tobacco is another plant which thrives in hot soils. Leitch®^ has shown 
that for the garden pea, Pisum saihnim, P is the maximum rate 
temperature and above 110° P no growth whatever occurs. Api)ar- 
ently, as in the case of the aeration factor, no general rule for these 
cardinal temperatures can be laid down. They must be determined 
for each plant s(q)aratcly. Since growth (*onditions absorption we 
are justifi(‘d in assuming that the cardinal temperatures for growth 
are approximately those for absorption. 

The genus Citrus, as mentioned elsewhere, is native to the tropics, 
where it grew in the shade of other trees. Pnder these conditions the 
soil Mas damp and soil temperatures certainly not high. It therefore 
seems logical to assume that the temperatures favorable for root groM^th 
ill (^lirus are not very high. As grown under clean cultivation in the 
arid southwest w’(* lielicwe that the absorbing n)ots are subj(‘cted 
during a certain portion of the day to temperatures above the optimum 
and that during sucli piTiods absorption is actually reduced. 


TABLE 11 

Soil Temperatures (F.) at Edison, Ju.ne 7, J916 


Hour 

A M 

9 15 

10 15 

11 15 

r "Nf 

12 15 

2:15 

3.15 

415 

5:15 

Sixdnch dust mulch 

80.6 

84.2 

88.2 

92.3 

94.1 

96.0 

9.1.5 

99.0 

First 6 inches 

77.0 

78.3 

80.0 

84.2 

89.G 

88.8 

88.6 

87.0 

Second 6 inches 

77.0 

76.1 

7G.1 

78.0 

82.4 

82.4 

82.4 

80.6 

Third 6 inches 

76.1 

* 75.0 

7r>.o 

75.3 

79.2 

77,2 

78.3 

78.0 

Fourth G inches 

74.3 

74.3 

74.6 

74.6 

77.2 

76.6 

77.0 

77.0 

SiX'iiich dust mulch in 
slmdo of tree 

71.6 

73.6 

74.3 

81.0 

83.7 

82.5 

82.2 

82.2 


To obtain an idea of the soil temperatures prevailing in the 
upper two feet of soil in 1916, a comparatively cool season, we made 
a series of hourly readings at six-inch intervals. These may be found 
summarized in table 11. This table shoivs that during the afternoon 

Influence of Weather on YieM of Wheat, Agr. Jour. India, vol. 2 (1916), 
part 4. 

delation of the Rate of Root Growth in Seedlings of Prosopis velutina to 
the Temperature of the Soil, Plant World, vol. 20 (1917), pp. 320-33. 

Some Experiments on the Influence of Temperature on the Rate of Growth 
in Pisum sativum, Ann. Bot, vol. 30 (1916), pp. 25-46. 
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the temperature of this upper layer of soil does not fall below 75® P. 
As was brought out previously, under clean cultivation practices the 
absorbing roots of citnis trees are largely located in the upper two 
feet of soil (pi. 42). It therefore seems quite probable that during 
the afternoon at the very period when water loss by transpiration is 
greatest, absorption is inhibited bj^' high soil temperatures. A study 
of the cardinal temperatures for absorption by citrus roots, which is 
expected to throw considerable light on this question, is now under 
way and will be reported on later. 

But granted that a condition of physiological drought existed, due 
to the action of the factors just discussed, still the citrus tree might 



Fig. 7. Citrus stoma showing maximum opening. From orange leaf just 
reaching full size. 

maintain itself in a ])roper water balance were it not for the fact that 
it is not provided with efficient means of conserving its water by 
regulating its loss through transpiration, A preliminary study of th<* 
relation of ciiticular transpiration to stoinatal water loss has brought 
out the fact that from 40 to 50 per cent of th(‘ w^ater loss from 
citrus leaves occurs through the upper epidennis which does not con- 
tain stomata. These studi<*s liave shown that the young leaves are 
more effi(*ient than the older leaves but that even the youngest leaves 
lose as much as 25 per cent of their water through the upper epidermis. 

A study of the stomatal condition in (dtnis heaves has brought out 
some intf'resting facts. By the use of Lloyd’s method‘s® tlie amplitude 
of stomatal movement was studied. It \vas found that very early in 
the life of th leaf the stomata lose their power of opening and closing 
and remain practically closed thereafter (fig. 7). In some eases the 


62 Physiology of Stomata, Oaiueglo Inst. Washingtou, Publ. 82 (1908), p. 26, 
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closure is not complete and the stomata remain slightly open. Heil- 
bronn®® has established this same condition in the leaves of the 
Camelia. It is interesting to note in this regard the results obtained 
by Shreve®* in a study of the transpiration of rain-forest plants carried 
on in Jamaica. 

The true Btomatal transpiration is thus found to be from 42 to 48 per cent 
of the total water loss of the leaf. The close relation of transpirational behavior 
to evaporation is thus shown to have its basis in the fact that rather more than 
half of the water-loss of the idant goes on through the epidermal surfaces. . . . 
The amplitude of stomatal movement in rain-forest plants under shade con- 
ditions has been found to be relatively small. . . . The weakness of the move- 



Fig. 8. Cross section of stoma from old coriaceous orange leaf. Note resin- 
ous deposit in the substoniatal cavity. 

nieiits. together with the high cutieular winter loss, ser\es to give the stomata a 
\ei> negligible role as legulators of traiisjuration rate, particularly during the 
daylight hours. 

It was found that a varying percentage of citrus stomata are 
occlud(»d by deposits of a resinous, gummy nature (fig. 8) in the sub- 
stomatal eavity, Ifaberlandt®* points out that physiologieal degenera- 
tion of stomata takes ])laee in a number of shade-loving hygrophytes, 
doubtless because members of these ecological classes never require 
much protection against excessive transpiration Therefore it can be 
readily appreciated that the citrus plant has relatively little control 

oaBer. d. deut. bot. Ges., vol. 34 (1916), pp. 22-31. (Cited from Exp. Sta. 
Becord.) 

o^The Transpiration Behavior of Bain-forest Plants, Ann. Bep. Dept. Bot. 
Bos., Carnegie Inst. Washington, Yearbook 12 (1913), pp. 74-76. 

Physiological Plant Anatomy (London MacMillan, 1914), p. 272. 
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over its water loss. This condition itself constitutes strong evidence 
of its tropical origin. 

Tf there be any regulatory action upon transpiration it should be 
brought out in a study of the transpiration curve as compared to the 
evaporation curve. These two curves for a typical day in July are 
shown in figure 9, and it will be seen that the general form is very 
similar and that the maxima of the two were reached at the same 



Fig. 9. Comparison of Citrus transpiration curves with the evaporation 
cur\e for the same period. Nos. 1, 2, 3, and 4 are transpiration curves oiitained 
by the potometer method. No. 5 is the evaporation curve obtained from a 
Livingston white cylindrical porous cup atmometer. Ordinates represent water 
loss in cc.; abscissae, hours of the day. 


period. 'Were there any regulatory action the transpiration curve 
should roach its maximum some time before the evaporation curve. 


SuSCEP'rTBTLITY OF CiTRUS VARIETIES TO ABSCISSION 

It is well known that w’hcn grown under similar conditions the 
Valencia variety of orange and the pomelo do not shed the young 
fruits in anything like the same proportion as the Washington Navel. 
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If the stimulus leading to abscission be abnormal water* relations, why 
then do not these two other members of the genus shed their fruits 
to the same extent as the navel variety ? Our observations made in the 
field in orchards where these varieties are mixed have shown that such 
is not the ease, and experiments performed in our laboratories have 
shown that abscission is much more easily induced in the navel variety 
than in the others. Shoots bearing flowers and young fruits of each 
variety have been placed in moist chambers and kept at room tempera- 
ture. In the case of the navel variety abscission of all the flowers and 
fruits has invariably occurred within sixty hours, while in the 
Valencia variety and with lemons frequently no abscission occurred 
within five to eight days. Apparently the navel variety is much more 
susceptible to stimuli which lead to abscission. In this coniu'ction it 
seems desirable to call attention to the fact that oth(‘r investigators 
have found in the case of hybrids abscission is much more prevalent 
and much more easily brought about than in the ease of the parent 
varieties. Thus Goodspeed and Kendall®® have shown that in the case 
of certain tobacco crosses in which only a small proportion of the 
ovules are normally matured and capable of fertilization, which con- 
.dition obtains in the navel orange variety, practically all the flowers 
and young fruits are abscissed. ]\Iay not this sensitiveness to stimuli 
which cause abscission constitute further evidence that the Washing- 
ton Navel vari<‘ty is of hybrid origin ? 


Methods of Amelioration 

Prom the precluding discussion it is obvious that all methods of 
preventing the June drop of our present strains of Washington Navel 
oranges must be in the nature of modifying the environmental complex 
cither above ground, below ground, or, as is usual the case, both. 

If the cause underlying these water deficits lies in the asperity of 
the atmosph<‘ric complex then practices tending to ameliorate climatic 
conditions should work out to produce heaviiT crops. Such has been 
found to be the ease. The planting of windbreaks to prevent the 
dissipation of blankets of moist air; a moderate winter pruning to 
reduce the total leaf surface area ; and the planting of intercrops, such 
as alfalfa, sw'eet clover, or buckwheat, w^hich transpire large amounts 
of water vapor; all these are methods of modifying the atmospheric 
environmental complex. 

««On the Partial Sterility of Nicoiiana Hybrids made with N, sylveniris as a 
Parent, III : An Account of the Mode of Floral Abscission in the F, Species 
Hybrids, Fniv. Calif. Publ. Bot., vol. 6 (1916), pp. 293-99. 
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In this connection it should be emphasized that the beneficial effect 
of a summer cover crop does not seem to be due so much to the raising 
of the average humidity as it does to the buffer effect which it plays 
when sudden extremes in climatic conditions are experienced. The 
increase in the average humidity occasioned by the use of a summer 
cover crop is probably considerably smaller than the difference which 
may exist from one season to the next. It does not seem so important 
that the average humidity has been increased somewhat by its use as 
that when sudden hot, dry spells are experienced their effect is 
modified by the use of such a crop. This would seem also to explain 
the effect of the straw mulch which of course does not affect the atmo- 
spheric humidity to any extent. 

If the limiting factor causing these abnormal water relations be 
high soil temperatures then methods of orchard management which 
will reduce sii(*h temperatures may be expected to result in heavier 
crops. Such practices as mulching and the growing of intercrops are 
known to reduce the soil temperatures. Moreover, such practice.s in 
many cases have result<»d in notably heavier yields. The junior author 
had under observation a twenty-acre orchard in the Oroville district 
in the 1917 season. This tract was planted out to puri)le vetch in the 
late fall and was not plowed until the following June. It was heavily 
irrigated during April and ]May. Although situate<l in a most (‘xposed 
position this orchard bore a much better crop than any otlier orchard 
in this district, notwithstanding the extrem(‘ly heavy fall of fruits 
experienced in this season. It is passible that the heavy crops borne 
at the Kellogg place are partly attributable to a r<‘duction in soil 
temperature during the growing season. 

Some data have been published on the effect of straw mulches on 
the setting of Navel oranges. Briggs, J(‘nsen, and McLane®^ report 
as follows: 

The sot of fruit was very li^ht throughout the Kiverside district in 1915, 
owing apiiarently to cold weather following the bloom. In the Hunny Mountain 
tract, where the mulched basins were first installed in 1913, the average number 
of oranges per tree on the check trees in 1915 was 116, while on the inulched- 
basin tret j the average number of oranges per tree was 281, or two and one half 
times as many art on the check trees. 

Similar results are reported from other tracts. It should be remem- 
bered, however, that the trees used in this work were not healthy but 
were badly mottled, and the increased setting may be attributable to 

Mtilfhed-Basin System of Irrigated Citrus Culture, TT. R. Dent. Agr., 
Bull. 499 (IfllT;, p. 30. • > i b » 
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their improved health brought about by better soil moisture and humus 
conditions as well as improved temperature conditions. It has not yet 
been satisfactorily shown that the mulched-basin system alone will 
reduce the amount of drop on healthy trees, although in the light of 
the discussion above we believe it probable. 

The determination of the specific factor, if it be a single factor, 
which produces the abnormal water relations established, is yet to be 
made. It is hoped that investigations planned for the coming season 
may aid in solving this question. The orchard management practices 
described above which result in heavier crops, unfortunately for in- 
vestigational purposes, involve the modification of both the above- 
ground and under-ground environmental complex. 

The fact that by proper means man is able to change the climatic 
conditions from those obtaining at Tucson, Arizona, to those at Miami, 
Florida, within the space of a half mile, augurs well for the successful 
control of the June drop. Measures of an anticipatory nature lie in 
the proper selection of the site before planting. The exposure to pre- 
vailing winds, the nearness to large irrigated tracts, the possibility of 
I)laiiting windbreaks; all these should be considered in the selection 
of a site for a Navel orange grove. Growers should accustom them- 
selves to thinking of climate not in terms of great valleys and states 
but in strictly local terms. As has been pointed out above, the judicious 
selecti(ui of the site, coupled with proper methods of orchard practice, 
make it passible to secure marked modifications in our arid climate. 
The (piestion of the advisability of the measures suggested is purely 
one of fann economics and does not lie within the province of this 
paper. 

In view of the relatively small amount of shedding which is con- 
nected with the Aliirmria fungus alone and because of the peculiar 
manner of infection the authors are led to believe that spraying with 
fungicides for the June drop will hardly pay for the materials and 
labor involved. 

Another promising line of investigation looking toward control of 
the Jime drop lies in the selei^tion and propagation of ‘dry heat resist- 
ant strains of the Wa.shington Na\el variety. This variety, it is well 
known, is constantly throwing off bud sports or mutations and it is 
entirely passible that mutations may arise which are less sensitive to 
abscission stimuli, but at the same time satisfactory othorw^ise. Every 
grower should be on the lookout for such strains. 
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SUMMARY 

1. Citnis trees as grown in the interior valleys of the arid south- 
west are subject to an environment entirely abnormal to them in their 
natural habitat. 

2. Moreover, the principal variety grown in these regions, the 
Washington Navel orange, is itself decidedly erratic and unstable. 

3. Among other troubles incident to the abnormal climatic con- 
ditions is that heavy dropping of the young fruits, with consequent 
light crops, kno\^ii popularly as the June drop. 

4. A study of the shedding has established the fact that it con- 
stittites true ab.scission, involving the separation of living cells along 
the plane of the middle lamellae. 

5. Exhaustive* investigations as to the stimulus or stimuli responsible 
for the abscission have narrowed them down to two: a fungus, Jlltr- 
naria citri E. and P., and climatic conditions. 

6. It is considered highly prr>bable that a certain varying per cent 
of the drop, occurring relatively late in the season, is brought about 
by the stimulation of this fungus, which is also responsible for a black 
rot of those infected fruits which remain on the tn‘es to maturity. 

7. This fungus is of very wide distribution and inf4‘Ction of the 
young fruits is made possible through the peciiliar structure of the 
navel orange. 

8. The amount of infe(*tion is dependent upon weather conditions 
and the more or les.s fortuitous (configuration of tlie navel end of tlie 
young fruits. 

9. On account of the jieculiar manner of infection and tin* rela- 
tively small amount of shedding due to the fungus, spraying will 
probably not pay for the labor and materials involv(*d. 

10. By far the greater part of the shedding, wdiich occurs earln*r 
in the .season, is due to a stimulus to absecission arising from daily 
water dc^fiedts in thi* young developing fruits, r(»sulting from the 
aspfTity of the (jlimatic complex to w^hich the tre<*s are subject. 

11 The principal fa<*tor in causing tlu^si* abnormal water deficits 
lies in the fa(*t that citrus trees are not adapted to withstanding the 
heavy w^ater loss incidemt to the desert conditions under w’hich they 
are grown. Thti amplitude of stomatal movement is small and cutic- 
ular transpi ration vfTy high. 

12. It is furtlier believed that under the prevalent clean cultivation 
practice, the soil tern p(*ra1u res during a part of the day are so high as 



1919] Coit-Mcdgson: Abnormal Shedding of Washington Navel Orange 333 

to result in the inhibition of absorption at the very time of day that 
water loss by transpiration is greatest. 

13. It has been found possible to modify climatic conditions in an 
orchard so as to set crops in every way comparable with those produced 
in much more climatically favored citrus districts. 

14. Under these modified climatic conditions the abnormal water 
relations referred to apparently do not occur. 

15. Practical means of amelioration lie in heavier and more fre- 
quent irrigation, the planting of intercrops, mulching with straw and 
other materials, protection by means of windbreaks, and a reduction of 
leaf area by moderate winter pruning. 

16. Measures of an anticipatory natiire lie in the judicious selec- 
tion of the site for the orchard with reference to its exposure, nearness 
to large irrigated bodies of land, and other features calculated to 
ameliorate climatic conditions. 

17. Orchardists should be on the lookout for mutant strains which 
are dry heat resistant and satisfactory in other features. 

This investigation had its inception with the senior author, who 
began the experimental work in March, 1916. In May, 1916, the junior 
author iK^came connected with the Division of Citriculture and has been 
associated in the study of this problem ever since. Early in the in- 
vestigation it became evident that there were at least two distinct 
promising lines of inquiry involved in the problem. The first, having 
to do with the relation of a certain almast ever-present fungus to the 
falling of the young fruits, is largely the work of the senior author. 
The second, having to do with the relation of the shedding to environ- 
mental conditions, although originating ^^ith the senior author and 
receiving constant study by him. constituted the main jiroblem of the 
junior author, wdio moreover is responsible for the histological work 
involved in the investigation. The combination of attack, both on the 
pathological and physiological side, has given most satisfactory" results 
and it is the belief of the authors that when investigated in a some- 
what similar manner many of <mr so-enlled *‘physiologi(*al diseases” 
may be better understood. 

The authors wish to aekow ledge their indebtedness to Drs. P. E. 
Lloyd, W. A. Cannon, T. IT. Gnodspeed, and C. D. Lipman for sugges- 
tions and assistance, and to Mr. W. W. Worden and Dr. C. W. Kellogg 
for kindly cooperation in placing their orchard facilities at their 
disposal. 


Transmitted January 17 y 1918, 
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PLATE 25 

The Navel orange orchard of the Edison Land and Water Company, where 
much of the experimental work was done. 
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Part of the Kellogg orchard at East Bakersfield, showing heavy stand of 
alfalfa (just cut) between trees and also heavy crop of fruit. Photographed 
November 25, 393 7. 




PLATE 27 

Typical Washington Navel tree in San Joaquin Valley, showing heavy bloom. 
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Nearer view of same tree, ebowLia^ details of heavy bloom* 
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PLATE 29 

One branch with leaves removed, showing large i^umber of buds prodaeed. 
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FTiATE 30 

Typical abscissod fniitH, Those to the rijjht aliscissed at the base of the 
pedicel, those to the left at the base of the ovary. The two in the center are 
healthy fruits jjicked from the tree for compariHoii. 
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PLATE 31 

Small dead orange j)ersi8ting though abseissed both at base of ovary and 
pedicel. Large fruit safely through both abscission periods. The dead style 
abscissed much earlier but was retained in position by the ragged nature of the 
break. 
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PLATE 32 

The serious wounds produced by katydids which never result in abscission. 
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'X'erxnina.l and ancillary' ifruitts. 
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PLATE 34 

Apical end of ovary of Navel orange just after the style has been shod. 
Enlarged 10 diameters. Notice the ragged condition of the stylar sear. 
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PLATE 35 

Large late drops showing discolored area beneath the navel, caused by 
infection with Alternaria citru 
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I’LATE 30 

Photomicrograph of Alternarin vitrif showing the spores borne in long chains. 
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PLATE 37 

Young Navel oranges, showing the ragged break of the style. Enlarged 
2 diameters. 
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PLATK 38 

Mummified oranges infected with AUernarm ntri. Gathered under tree. 
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PLATE 39 

Small Valencia orange, showing clean break between the base of the style 
and the ovary. Enlarged 10 diameters. Compare with plate 34. 
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PLATE 40 

Showing the method of enclosing orange trees under the tents of cheesecloth 
in order that bees may be included in one and excluded from the other. The 
tree in foreground shows the method of covering inoculated flowers with pa[)er 
sacks. 
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n.ATE 41 

The Livingston white porous cup atmoincter as set up at our Desert station. 
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PLATE 42 

Distribution of orange roots by six-ineh layers at, Edison station, 
cultivation. 


Clean 
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FOREWORD 

It is due the author, as well as to the undersigned, that a few 
words be said by way of preparing the reader for what folknvs in this 
paper. It will be observed, first, that the manuscript was, for an 
unusuallv long time, in the printer’s hands. Those who appreciate, 
as few do today, the great rapidity with which the theories and the 
methods in soil and plant study change, will readily eatch the signifi- 
cance of the foregoing sentence. Much of the work done by Mr. 
Pendleton and some of the methods used may now properly be con- 
sidered obsolete, or, conservatively speaking, at least obsolescent. 
Nevertheless, I deem it of some importance to give the results obtained 
in more or less detail, because of their historical value, and because Mr. 
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Pendleton’s residence in India since the paper was written by him 
has rendered satisfactory changes and deletions practically impossible. 
Under these circumstances, with the burden of preparing the paper 
for the press and the reading of the proof falling to me, the author 
cannot well be held responsible for the inaccuracies and the infelicities 
of expression which have been carried over from the original manu- 
script without change. IMoreover, the investigation was carried out 
under my direction, and the plan of attack on the i)roblem, together 
with the methods employed, were suggested by me. Much that, in the 
light of present knowledge, is superfluous or patently inexact or 
erroneous in the paper is due to points of view held by me in 1915, 
but now happily discarded. For all these, I assume the entire 
responsibility, and absolve ]\Ir. Pendleton in that regard. 

On the other hand, the work having been carried out at my sugges- 
tion and under my direction, T feel constrained, in justice to myself, 
to say that the views expressed in this paper, and the conclusions 
drawn are wholly INlr Pendleton’s and are not in agreement with those 
held by me. T fail to see the cogency of the arguments set forth for 
soil classification and mapping at this juncture in soil studies, and 
cannot admit the pertinence of the analogy betw^een classification of 
other objects and of soils which the author of this paper employs. 
My own geniTal comdusion from the results obtained by Mr. l^endle- 
ton is that they cast grave doubt on the validity of the l^ureau of Soils 
method of soil classification and mapping, and, incidentally on all 
methods devised for that jiurpose to date I cannot see how such 
methods can serve us in scientific v’ork at all, and, from the practical 
standpoint, it would sun^ly seimi that guides for tin* purchaser of land 
could be arranged more cheaply and less elaborately than by the soil 
mapping methods extant This statement has partieiflar ndenuice to 
the subdivision of types very minutely, sueli as, for examph*, sandy 
silty clay, clay loam adobe, etc Such minute classification and sub- 
division in view of the present state of our knowledge of soils, is 
analogous, in my opinion, to carrying figures out to four decimal 
places when it is known that the accuracy of the method makes it 
impossible for them to be correct beyond the first decimal place. In 
support of this seemingly radical conclusion, th(» reader wull find much 
of interest in the recent studies of this laboratory on variability in 
soils, which have already ap])eared in this same series. 

CiiAS. P. Lipman. 


INTRODUCTION 

For several years the University of California has been coiiperating 
with the United States Bureau of Soils in the mapping of the soils of 
the agricultural portions of the State of California. The system of 
mapping used is that developed by the Bureau of Soils. During the 
year 1914-1915 the writer, representing the University of California, 
w^as engaged in some of this soil survey work. In that year, in the 
field, many questions arose regarding the criteria used, the methods, 
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and the results of the scheme of mapping. It was thought that pos- 
sibly some of the many questions could be answered through a labora- 
tory study of some typical soils. This paper is a description of cer- 
tain parts of the work done in this connection. 


THE NEED OF A CLASSIFICATION OF SOILS 

Since soils consist of a number of more or less distinct groups they 
are fitting subjects for classification. In fact, it is my belief that it 
is as necessary to have a classification for soils as for any other group 
of natural objects in order that “the various and complex relations 
may be shown as far as practicable, and that there be a definite 
basis for systematic and thorough investigations.^ The advantages of 
a classification of soils ar(* apparent. But because soils grade gradu- 
ally into one another, rather than exist as discrete individuals which 
can be more (‘asily considered and treated from a systematic stand- 
point, the problem of evolving a satisfactory classification has been 
particularly difficult. The many and diverse classifications proposed, 
and tlie difficulty of applying many of these classifications under con- 
ditions other than tliose for which they were evolved, testify to the 
difficulty of the task in question. 

The mapping of soils without a classification is impossible, and 
so a brief summary of the development of soil mapping will bear a 
close rtdatioii to the dev(*lopment of soil classification. 


IIISTORK^AL DEVELOPMENT OF THE C^LASSIFICATION 

OF SOILS 

The early history of the making of soil maps is that of geologic 
maps as well, when soils, from the agricultural standpoint, and the 
less distinct geological formations as such, were not sharply distin- 
guished. Blanck^ has an excellent treatment of the development of 
soil mapping and of the modern continental European conceptions of 
the nature and significance of soil maps. According to Blanck the 
earliest record of a proposal to make a map to show something of the 
nature of the actual material composing the surface of the earth is 
that of Lister’s proposal, in 1683, to the Royal Society of London. 

1 Ooffey, O. N., Proc. Amor. Boc. Agron., vol. 1 (1909), p. 175. 

2 Cameron, P, K,, Eighth Tnternat. Cong. Chem., vol. 26 (1912), sees, via-xib; 
app. pp. 699-706. 

aPiihling, Landw. Ztg., vol. 60 (1911), pp. 121-45. 
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But it was not until 1743 that Packe executed a map of Kent, showing 
the occurrence of minerals by symbols. Apparently the next advance 
was by the Germans, when Fiichsel, 1773, and Gloser, 1775, first used 
colors to show granite, limestone, etc. This work constituted the first 
real geologic map in the modern sense. There was not much activity 
in this line of geologic work until 1870 or later. Such activity as there 
was showed a lack of emphasis on soils in the agricultural sense of 
the term. 

The work on the geologic drifts of northern Europe, and studies of 
the more recent lowland formations and soils of Germany led to soil 
mapping. The first real soil map, according to Blanck, was prepared 
by Benningsten-Porder of Ilalle, in 1864-67; while Carnot^ states 
that in 1863 M. Seipion Gras used superposable maps of the Depart- 
ment of Isere, showing (1) geology, (2) agricultural soils, (3) alti- 
tudes of agricultural re'gions, and (4) culture. The first true geologic- 
agronomic map published by the Preussischegeologisehe Landesan- 
stalt appeared in 1878. 

The school of soil classification and mapping just mentioned, using 
the geologic maps and methods as a point of departure have evolved 
numerous though similar systems of recording the agrogeologic data 
on the map. The geologic formation is shown by the color, and the 
soil textures by symbols, while one or more of the following groups 
of data appear and may be shown: topography by contours, subter- 
ranean water by blue figures, location of borings in red with figures 
referring to tabh^s, amount of plant food elements or substances by 
figures or hatchings, varying directions, color, or nature of lines, etc. 
The nature and amount of the data sho^^^l and the manner of repre- 
senting them vary a great deal. Some soilists, to use a term proposed 
by Coffey,*"’ advocate and use superposable maps to show one or more 
groups of data, thus avoiding unnecessary^ confusion on the main map. 

Hazard^* proposed a scheme of classification which is quite as 
directly connected with the economic factors controlling the crops 
grown, and with the assessable valuation of the land, as with the 
actual or potential fertility of the soil itself. There are several elassi- 
fi(*ations of this type, involving the assessable values of the land. 

^Kapport sur Ioh cartos agronomiques, Bull. Min. Agr. France, 1893, no. 8. 
pp. 956-73. 

e Jour. Amer. 8oc. Agron., vol. 8 (1916), p. 239. 

«Lan<lw. Jahrb., vol. 29 (1900), pp. 805-911, 

Gregoire, A., and Halet, F., Bull. Inst. Chem. et Bact. Gembloux, 1906, no. 75, 

T»r» 1 IQ ' ' ' 
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This development of the mapping of soils as an outgrowth of areal 
geology in France and Germany may be contrasted with the develop- 
ment of soil classification from other viewpoints, such as that of the 
Russian school. In Russia there is not the predominance of residual 
and shallow soils which characterize much of western Europe and 
which in Prance especially have led to the adoption of the geologic 
basis of classification. Dokoutchayev and Sibirtzev have been the 
chief proponents of a classification of soils based upon the ‘‘conception 
of a soil as a natural body having a definite genesis and a distinct 
nature of its own.”^ 

The genetic conditions of the formation of natural soils include 
the following variable factors which cause variation: 

(1) The potrograpliie type of the parent rock; (2) the nature aiul intensity of 
the processes of disintegration, in connection with the local climatic and topo- 
graphic conditions; (3) the quantity and quality of that complexity of organisms 
which participate in the formation of the soil and incorporate their remains in it; 
(4) the nature of the changes to which these remains are subjected in the soil, 
under the local climatic conditions and physico-chemical properties of the soil 
medium; (5) the mechanical displacement of the particles- of the soil, provided 
this displacement does not destroy the fundamental properties of the soil, its geo- 
biological character, and does not remove the soil from the parent rock; and (6) 
the duration of the processes of soil formation. 

Upon this goiictie basis tliero has been developed a s(*ries of soil zones, 
ranging from the laterite soils in the tropies to the tundras in the 
Arctic regions. Tlie outstanding and controlling factor in the scheme 
proi)osed is the relation of these zones to climate. For this reason the 
statement usually seen is that climate is the basis of the classification.® 
There are nearly as many groups of intra-zonal and azonal soils as 
of those belonging to the zones proper. The former include alkali, 
marsliy, alluvial, and other soils. 

Ililgard, while actively interested in the genetic viewpoint of soil 
classification, was the foremost proponent of a classification upon 
the basis of the natural vegetation growing upon the soil.® This 
criterion is not always available, though some groups of plants, as the 
alkali tolerant ones, are almost invariably ])resent where the condi- 

7 Exp. Sta. Kecord, vol. 12 (1900), p. 704. 

See also Sibirtzev, Cong. Geol. Intern., 1897, pp. 73-125; abstract in Exp. Sta. 
Bee., vol. 12 (1900-01), pp. 704-12, 807-18. 

Tulaikoff, N., The Genetic Classification of Soils, Jour. Agr. Sci., vol. 3 (1908), 
pp. 80-85. 

8 Coffey, U. S. Bur. Soils, Bull, 85 (1912), p. 32; Jour. Amer. Soc. Agron., 
vol. 8 (1916), p. 241. 

8 Hilgard, E. W., Soils (New York, Macmillan, 1906), pp. 487-549. 
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tions are unfavorable for the less resistant plants. Later Hilgard 
and Loughridge^® claimed that it is impracticable to attempt “a sat- 
isfactory tabular classification in which each soil shall at once find its 
pigeonhole prepared for it . . . because the subject matter is as yet 
so imperfectly known. ' ’ However, this does not dispute the justifica- 
tion for making classifications for specific purposes or of specific 
regions. With respect to this point there seems to be confusion. The 
question is not whether soils can be classified at all or not, for every 
observant farmer classifies the soil with which he is familiar, but 
whether a satisfactory classification is possible over a large territory, 
where soils are subject to the varying action of the important soil 
forming agencies. 

Still another type of soil mapping is that of Hall and Russell, 
which is given in th(»ir admirable Report on the Agriculture and Soils 
of Kent, Surrey, and Sussex. In this district the soils are largely 
residual, and form quite distinct groups, depending upon the parent 
geologic formation. These groups of soils, such as the Clay-with- 
flints and the Thanet beds, have very definite agricultural properties ; 
hence the treatment of all phases of agriculture upon each separate 
group of soils. Hall and RusselP^ present an excellent discussion of 
the methods of soil classification and the interpretation of the soil 
analyses used in their study, RusselP® gives a very similar though 
briefer treatment. 

There are other more or less specialized classifications that have 
been applied to local conditions and problems. As an example may 
be cited Dicenty’s work on grape soils.^^ 

Various modifications of the above schemes of classifying and map- 
ping soils are found in general texts on soils.^"^ Nowacki^® proposes a 
curious system, Genera ct Species Terrarum. It is in Latin terminology. 
The genera are based on the quality of the soil, whether stony, sandy, 
clayey, peaty, etc., and the species are dependent upon the quantities 
of organic matter and clay. 

10 The Olassification of Soils, Second Intern. Agrojreol. Conf., Stockholm, 1910, 

p. 231. ' ' 

11 London, Bd. Agr. and Fish., 1911. 

12 Jour. Agr. Science, vol. 4 (1911), pp. 182-223. 

13 Soil Conditions and Plant Growth (London, Longmans, 1913), pp. 132-48. 

1^ Die ampelogeologische Kartierung. First Intern. Agrogeol. Cong., Budapest, 
1909, pp. 2i>7— 71. 

Bamann, E., Bodenkunde, Berlin, Springer, 191 1 . 

Mitscherlich, E. A., Bodenkunde, Berlin, Parez, 1905. 

i« Praktische Bodenkunde (Berlin, 1892), pp, 130-80. 
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Soil Surveying in the United States , — In a brief way, it has been 
shown how there arose the different systems of soil classification. 
Only a few typical systems of classifications, and something of the 
reasons for the divergences, have been mentioned.^^ Probably the one 
agency that has carried on the most extensive soil classification and 
mapping is the Bureau of Soils of the United States Department of 
Agriculture. It is now proposed to discuss and in a measure criticize 
the work of the Bureau of Soils, the one organization that has, more 
than any other, succeeded in applying a detailed system of soil classi- 
fication over extensive areas. 

The problems that the Bureau had to face during its early exist- 
ence were special studies of the soils of certain crops, especially of the 
tobacco districts. Later the soil utilization work of the Bureau of 
Soils was transferred to other branches of the Department of Agri- 
culture, leaving as the main task for the Bureau the systematic classi- 
fication and mapping of the soils of the United States. 

Coffey^ ^ has so well discussed the present day conceptions of the 
bases for the classification of soils, that it does not seem necessary to 
repeat any portion of that excellent statement here. He showed that 
the Bureau of Soils, in its method of classifying soils, uses a combina- 
tion of a number of systems. This matter is dealt with more in detail 
in an article by Coffey,^® and the Report of the Committee on Soil 
Classification of the American Society of Agronomy.-^ The question 
often arises as to the validity of making the close distinctions regard- 
ing color, texture, geologic origin, etc., and is one which should be 
dealt with in order to render less empirical the nature of most of the 
criteria which are used at present. See the Report of the Committee 
on Soil Claxssification and Mapping.^^ 

B(*cause of different views regarding soils and soil fertility from 
those held by the Bureau of Soils, the Illinois Agricultural Experi- 
ment Station has undertaken a soil survey and classification, under the 
direction of Dr. C. G. Hopkins, which is independent of the Bureau 

IT See Coffey *s excellent treatment of the soil survey work in this country. 
The Development of Soil Survey Work in the United States vjrith a Brief Reference 
to Foreign Countries, Proc. Amer, Soc, Agron,, vol. 3 (1911), pp. 115--29. 

18 Whitney, Extension and Practical Appli<*ation of Soil Surveys, Off. Exp. 
Sta., Bull. 142 (1903), pp. 111-12; The Purpose of a Soil Survey, U. S. Dept. 
Agr., Yearbook, 1901, pp. 117-32. 

A Study of the Soils of the United States, U. 8. Bur. Soils, Bull. 85 (1912), 
pp, 24r-38. 

20 Jour. Amer. Soc. Agron., vol. 8 (1916), pp, 239-43. 

2iihtd., vol. 6 (1914), pp. 284-88. 

22 Ibid,, vol. 8 (1916), pp. 387-90. 
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of Soils, and differs from, its methods in a number of ways. Since the 
soils of Illinois are of a much narrower range of variation than are 
those of the whole of the United States, the system of classification 
for the state need not be so elaborate. The soils are divided accord- 
ingly as they have been glaciated or not, and if glaciated, in what glaci- 
ation period. They are further divided according to color, topogra- 
phy, and texture of soil and subsoil.*® Correlation of the types of 
soil mapped in the various areas, one of the greatest sources of criti- 
cism of the Bureau of Soils survey methods, is more easily handled 
in the Illinois work, since it is possible for the one in charge of the 
work to pass personally, while in the field, upon all correlation and 
the establishment of all new types. It is insisted that the field men 
map accurately and in sufficient detail. This insures the accuracy of 
the maps as regards the standards adopted, the information is specific, 
and the local users of the maps are not misled.** In connection with 
the field classification and mapping, pot and plot cultures are carried 
on, not so much to test the relative fertility of the untreated soils, but 
to determine the effects of the application of various sorts and quanti- 
ties of fertilizers. Hopkins,*"’ to show the differences in detail between 
the U. S. Bureau of Soils mapping and that of the Illinois Experi- 
ment Station, compares a U. S. Bureau survey of 1902 with a state* 
survey published in 1911. This is not entirely fail*, because with the 
increase of field knowl(*dge of soils gained by them and the realiza- 
tion of the need of representing the soils in more detail, a survey 
made by the Bureau in 1911 would almost certainly show much more 
detail and show it with greater accuracy than the maps made in the 
early period of the work. This point may be strengthened by the 
notes given below on the comparison of a portion of an early survey 
made in southern California by the Bureau of Soils with a recent 
survey of the same soils made by the Bureau and tlie University of 
California working in cooperation. 


PLAN OF THE PRESENT STUDY 

The present study is an attempt to see if certain soil types mapped 
as the same from different areas in the state of California, and judged 
to be the same by the criteria used by the Bureau of Soils, are the 

Soil Fertility and Permanent Agriculture (Boston, Gizin, 1910), 

2^ Ibid., p. 115. 

Ibid., pp. 114-15. 
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same or similar when examined from the laboratory standpoint. For 
example, we may take the Hanford fine sandy loam, which is one of 
the types that has been used in the present study. According to the 
criteria of color, mode of formation, origin (as judged by the presence 
of mica), nature of subsoil, texture, etc., this soil has been found and 
mapped in a number of areas that have been mapped in this state. 
But will these various bodies of soil, from widely separated portions 
of the state, when judged by laboratory and greenhouse studies on 
samples as nearly representative as possible, appear to be the same or 
similar ? 

The tj^pes selected for such a study as this should fulfil the follow- 
ing conditions : first, they should have at least a reasonably wide dis- 
tribution in the state so as to have been mapped in a number of differ- 
ent soil survey areas; and second, the several t^qjes should be repre- 
sentative of different classes of soils (clays, loams, sandj" loams, etc.), 
so that contrasts could be obtained between the types. 

In the collection of samples it was aimed to obtain representative 
samples from each of a number of bodies of soil of the types selected ; 
not to obtain x)ossible variations from the ideal in any one body. In 
the laboratory the soils were compared with regard to their physical 
composition in the surface horizon, to their chemical composition in 
three horizons, and to their relative bacteriological activities. In the 
greenhouse the soils (surface horizon only) were placed in large pots 
and th(‘ir comparative ability to produce various crops was studied. 

No claim is made that these criteria should be the ones used in 
det(‘rmining tlu^ systematic classification of soils or in determining 
the relative fertility of the soils. They were merely \ised to determine 
how nearly the soils classed under a given type name agree from the 
standpoints named. 


DISCUSSION OP RESULTS 

The bacteriological and chemical determinations were run in dupli- 
cate so that the figures presented are averages. It is considered that 
this gives fairer figures for comparison, especially since the determina- 
tions were run on separate samples, and not on aliquots of a single 
solution from a single sample. 

There Ls a very important factor which should always be kept in 
mind especially when considering the bacteriological and greenhouse 
comparisons. This is the factor of the probable error. Though the 
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advisability of judging all results in the light of the probable error 
is admitted, no attempt has been made to apply this factor to the 
results reported in this paper. As the result of the effect which such 
a factor might have upon the results of bacteriological determina- 
tions carried on only in duplicate, or upon the results of greenhouse 
work done in triplicate, one hesitates to draw conclusions, especially 
those based upon minor variations. Hence in this work only the more 
marked results will be considered of significance. 

When planning the work it was thought that three or four samples 
of a type would be enough to show whether or not a given type was 
approximately uniform, or widely variable, and as to whether the 
types were similar to one another, or quite dissimilar. But it now 
seems, after comparing the determinations run on the larger number 
of samples of the Hanford and San Joaquin types, 9 and 8 respec- 
tively, with the determinations run on the Altamont and Diablo types, 
of which there were a much smaller number of samples, 3 and 4 
respectively, that the larger series gives a much better insight into the 
variations of a given type and affords a much better basis for con- 
clusions. 

Hence, as regards the laboratory work thus far carried out, the 
emphasis has been placed upon the Hanford fine sandy loam and the 
San Joaquin sandy loam. Determinations have not been completed 
on the Altamont and Diablo series to the extent that they have on the 
former two. 

It is of no little significance that the Hanford fine sandy loam and 
the San Joaquin sandy loam are very widely contrasted soils agricul- 
turally. The Hanford is typical of good recent alluvial soil in this 
state ; while the San Joaquin is typical of wide expanses of “old valley 
filling” soils that are considered poor as regards crop producing 
power and are underlain by compact iron-cemented hardpan. Conse- 
quently, the results of comparing soils so different from an agricul- 
tural point of view, and so radically different as regards soil survey 
criteria (though the textures are quite similar) will be of considerable 
interest. They arc of greater interest than the comparisons between 
the Diablo and Altamont soils, as the latter are quite similar in agri- 
cultural value and use, as well as in field appearances. Between the 
Diablo or Altamont and the Hanford or San Joaquin one cannot 
judge as closely regarding variations, for the soils are so radically 
different. On the other hand, one can compare the soils of the heavy 
and light types to see to what extent the chemical and bacteriological 
results differ as compared with the physical results. 
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Fig. 1. Graph showing the results of the Hilgard elutriator method of 
mechanical analysis on the four samples of Diablo clay adobe. 
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Mechanical Analysis 

Hilgard Elutrmtor Method , — That there is a wide variation be- 
tween the samples is apparent (figs. 1-4). In fact, there is about 
as wide a range of differences among the samples of the Hanford 



0 25 05 I 2 4 » 10 32 Ot mm. 


Fig. 2. Graph showing the results of the Hilgard elutriator method of 
mechanical analysis on the three samples of Altamont clay loam. 

fine sandy loam and among those of the San Joaquin sandy loam as 
between the two types. The most outstanding differences are where 
they ought to l>e, to show the differences that the type names presup- 
pose, i.e., in the ''coarse sand^’ (64 mm.) and the '' grits/ ^ The sam- 
ples of the San Joaquin sandy loam average a larger proportion of 
each of these separates than do the Hanford fine sandy loam soils. 
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In the Hanford, no. 14 is notably heavier than the others, as shown 
by its silt content, which is nearly half again as great as that of the 
next highest sample. 

The gravel content (sizes above 2 mm.) is interesting in its uni- 
formity. In the San Joaquin soils the two samples above 1% are 



Fi^. 3. Graph showing tlip results of the Hilgard etutriator method of 
meelianioal analysis on the eight samides of San Joaquin sandy loam. 


nos. 11 and 26. The material in the latter soil is composed almost 
wholly of inm concretions, leaving sample no. 11 as the only soil with 
more than 1% actual gravel. In the Hanford samples none were 
found to have more than 1.5% gravel. 

The Hilgard method does not include any precise subdivision of 
the soils into groups or classes according to texture. Dr. Ililgard was 
not in favor of making the fine distinctions in texture that other 
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investigators have emphasized. But if there were such a scheme, 
similar to that which the Bureau of Soils uses,®® it would be an easy 
matter to compare the results obtained through the use of the elutri- 
ator, and determine whether or not the soils examined belong to a 
given class. The simple comparison of the quantities, in different 



S(xe of Particlea. mm. 


Fig. 4. Graph showing tho results of the Hilgaril elutriator method of 
mechanical analysis on the nine samples of Hanford fine sandy loam, 

samplers, of any given separate or separates is not absolute. For it 
must be realized that the conception of a soil clasKS includes a certain 
range in the quantities of particles of the various sizes. This must 
be so since soils are ordinarily grouped into but ten or twelve claas 
textures, while there exist among soils those with all gradations in 
the quantities of particles of the various sizes. 

20 Instructions to Field Parties, U. S. Bur. Soils, Bull. 1914, p. 75; ibid.. 
Bull, 85 (1912), p. 28. # 





1919] 


Pendleton : A Study of Soil Types 


383 


And because the ranges in the sizes of the soil particles separated 
by the Bureau of Soils method cut across those of the Hilgard 
method, it is impossible to regroup the results so that the Bureau of 
Soils grouping into textures may be applied. But without any such 
scheme, desirable as it may be, it has been pointed out that there is 
clearly apparent a rather wide variation in the analyses of the several 
samples of a type. All the soils representative of a given type are by 
no means closely similar to one another. 


Table 1 — Comparison of Textures 


Texture as judged in the field 
*1 Diablo clay adobe 

2 Diablo clay adobe 

3 Altaniont clay loam 

4 Altaniout clay loam 
r> Diablo clay adobe 

6 Diablo clay adobe 

7 A1 tarn out clay loam 

10 San .Joaquiu sandy loam 

11 Han Joaquin sandy loam 

12 Han Joaquin sandy loam 

13 Han Joaquin sandy loam 

14 Hanford fine sandy loam 

15 Hanford fine sandy loam 
1() Hanford fine sandy loam 

17 San Joaquin sandy loam 

18 Han Joaquin sandy loam 

19 Hanford fine samly loam 

20 Hanford fine santly loam 

21 Hanford fine sandy loam 

22 Hanford fine sandy loam 

23 Hanford fine sandy loam 

24 Hanford fine sandy loam 

25 Hanford fine sandy loam 
2fi Han Joaquin sandy loam 


Textur(" determined by 
inechunieal analysis 

Clay 

Clay 

* Silty clay 
Clay loam (sardy) 

Clav 

(’lay 

(’lay loam (heavy) 

*Fine sandy loam 
Sandy loam (heavy) 
*‘Fine sandy loam 
^Fine sandy loam (heavy) 
Fine samly loam (loam) 
Fine sandy loam 
^Handy loam 
Sandy loam 
Sandy loam 
*Sandy loam (heavy) 

Fine sandy loam 
Sandy loam 
Fine sandy loam 
Fine sandy loam 
Fine sandy loam 
Fine sandy loam 
Bandy loam 


Notk. — T extures not judged correctly in the field. 


MvcJuamcal Analysis by the Bureau of Soils Method . — Among the 
other determinations made by the Division of Soil Teciinology on the 
surface horizons of the twenty-four soils used in this investigation 
was that of making the mechanical analysis. The tables show the 
percentages of the siweral separates. In all eases the figures reprt'sent 
averages of duplicate determinations and in some cases the averages 
of quadruplicate determinations. With this method, as well as with 
the Hilgard elutriator, there are shown wide variations between the 
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Fig. 5. Cftaph showing the results of the Bureau of Soils method of 
mechanical anal^ sis on the four samples of Diablo clay adobe. 
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samples of a given type. But the graphs of the percentages (figs. 
5-8), determined by the Bureau of Soils method for the several types 
are not as closely similar as the graphs of the elutriator results for 
the same types. That is, using the Bureau of Soils method, the graph 
of the Hanford fine sandy loam does not resemble that of the San 
Joaquin sandy loam as much as do the graphs of the results made 



Fig, 6. Graph showing the results of the Bureau of Soils method of 
mechanical analysis on the three samples of Altamont clay loam. 

upon the same soils by the Hilgard elutriator method. This would 
lead one to believe that the Bureau of Soils method of mechanical 
analysis is the better suited for separating soils into groups; even 
though these soils which were classified in the field according to the 
differences which are the more prominent would be expected to show 
greater differentiations when examined by the Bureau of Soils labora- 
tory methods. 
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Comparison of Textures , — Table 1 gives the texture as shown on 
the soil survey map of the locality, as well as the results of the labora- 
tory check. This texture as given on the map was also judged by me 



-05 -.10 -ZS -.5 -.10 -2.0mm. 

Size cf Particles. 

Fig. 7. Graph showing the results of the Bureau of Soils method of 
mechanical analysis on the eight samples of San Joaquin sandy loam. 


in the field to be more or less true to the type as mapped. I say more 
or less true, for the field notes, as given in appendix B, show that in 
several cases I was unable to obtain in the locality what I believed to 
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be a sample of the soil thoroughly typical of the class and type in 
question. Sample no. 3 had a large lime content which I thought 
might more or less obscure the texture. ‘‘Slightly heavy, and barely 
enough sand for a sandy loam” is the comment on sample 12, while 
“a heavy sandy loam, approaching a loam” is found in the notes on 
sample 13. The second column of the table shows the class sub- 
divisions into which the soils were placed according to the mechanical 
analysis. The words in parenthesis show modifying conditions but 
do not indicate a change in the class. In considering the class groups 
such as sandy loam, fine sandy loam, etc., it should be remembered 
that though the groups are rather broad, the limits are arbitrary 
and quite sharp. So the results of a mechanical analysis may place 
a soil in the sandy loam class if 25% or more is fine gravel, coarse and 
medium sand, while if less than 25% be present the soil belongs to the 
fine sandy loam class, providing at the same time the amounts of silt, 
clay, and fine sand arc within the specified limits. The two soils may 
be a gi’cat deal alike in texture though placed in different classes. 
The failure of my judgment regarding the texture shows one of the 
difficulties that the field man is continually facing. And his failure 
to judge textures correctly is one of the causes of criticism of soil 
survey work. 


Table 2 — Mechanical Analyses, Hilgard Elutriator Method 
Dwhlo Clay Adobe 

Separates 

— ■ A - SAmnlAQ 




X 

Velocity, 
mm per 
second 


Samples 


Name 

Diameter, 

mm 

'l-A 

^0 

2~A 

% 

5 -A 

6-a' 

% 

Clay 

.01 

0.25 

44.16 

35.81 

44.97 

64.63 

Fine silt 

.01 -.016 

0.25 

23.91 

34.08 

25.57 

25.13 

Medium silt 

.016-.02O 

0.5 

5.97 

7.37 

4.14 

1.03 


.02O-.036 

1 

8.10 

9.09 

5.28 

1.83 

Coarse silt 

.036-.047 

2 

7.77 

7.47 

5.45 

1.99 


.047-.072 

4 

6.05 

4.09 

6.18 

2.13 

Fine sand 

.072-,! 2 

8 

3.28 

1.33 

5.81 

2.07 


.12 -.16 

16 

0.48 

0.43 

1.73 

0.90 

Medium sand 

.16 -.30 

32 

0.08 

0.21 

0,38 

0.21 

Coarse sand 

.30 -.50 

64 

0.18 

0,11 

0.49 

0.11 

Total weight 

of separates, gm. 


19.18 

19.62 

19.30 

19.68 

Weight of original sample, gm. 


18.83 

18.88 

18.66 

18.16 

Grits, % 

0.5-2’.0 mm. 


0.26 

0.29 

0.57 

0.10 

Hygroscopic moisture, % 


6.20 

5.93 

7.18 

10.12 
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Table 3~Meciianical Analyses, Hiloakd Eluteiatoe Method 
AHamont Clay Loam 



-A. 

Velocity 
mm. per 
second 


Samples 


Name 

Diameter 

mm. 

3-A 

% 

4-A 

% 

7-A' 

% 

Clay 

.01 

0.25 

28.48 

26.41 

22.65 

Fine silt 

.01 -.016 

0.25 

43.42 

17.73 

41.18 

Medium silt 

.016-.025 

0.5 

2.96 

2.39 

4.67 


.025-.036 

1 

4.37 

4.82 

8.51 

Coarse silt 

.036-.047 

2 

4.95 

4.89 

6.01 


.047-.072 

4 

5,52 

7.52 

7.90 

Fine sand 

.072-.12 

8 

5.14 

8.83 

5.54 


,12 -.16 

16 

3.89 

13.61 

1.98 

Medium sand .16 -.30 

32 

0.88 

10.40 

0.95 

Coarse sand 

.30 -.50 

64 

0.21 

3.39 

0.61 

Total vvoifrhts of separates, 

gm. 

18.71 

19.54 

20.96 

Wei^^ht of original sample, 

gm. 

18.50 

19.16 

19.21 

Grits, % 

0.5-2.0 mm. 


3.98 

8.09 

1.63 

Hygroscopic 

moisture, % 


8.08 

4.37 

4.09 


Table 4— -Mechanical Analyses, Hiloard Elctriatoe Method 
San Joaqmn Sandt^ Loam 

Sepnrntea 

Velocity, Samples 

ram , ^ 

Diameter per 10-A 11-A 

Name mm second % % 


Clay 

.01 

0.25 

11.14 

15.46 

Fine silt 

.01 -.016 

0.25 

20.24 

31.88 

Medium 





silt 

.016-.025 

0.5 

1.44 

2.73 


.025-.036 

1 

6.54 

9.11 

Coarse silt 

.036-.047 

2 

8.36 

10.23 


.047-.072 

4 

9.50 

8,41 

Fine sand 

.072-.12 

8 

10.66 

7.47 


.12 -.16 

16 

10.30 

5 97 

Medium 





sand 

.16 -.30 

32 

14.69 

6.91 

Coarse sand .30 -.50 

64 

7.11 

1.32 

Total weight of separates, gn). 

20.02 

20.44 

Weight of original sample, gm. 

19.80 

19.51 

Grits, % 

0.5-2.0 mm. 

16.70 

23.54 

Hygroscopic moisture, % 

0.98 

2.48 


12-A 

13-A 

17 -A 
% 

18-A 

21-A 

% 

26-A 

% 

8.99 

10.75 

10.53 

8.72 

8.35 

16.64 

26.57 

24.04 

16.20 

18 56 

14.73 

20.78 

L.31 

4.64 

1.81 

3.06 

3.54 

3.83 

1.33 

9.86 

.5.89 

6.93 

6.98 

9.24 

1.19 

9.59 

5.82 

6.90 

7.10 

7.09 

10.14 

10.05 

8.46 

8.45 

7.67 

8.89 

10.72 

10.92 

12.04 

9.72 

12.86 

5.77 

10.88 

36.14 

13.43 

10.56 

13.53 

3.85 

11.75 

1.96 

19.21 

16.,59 

13.05 

0.86 

*3.54 

2.12 

6.60 

10.50 

12.14 

23.04 

19.99 

20.10 

20.38 

20.06 

20.33 

20.14 

19.72 

19.76 

19.85 

19.86 

19.85 

19.69 

8.84 

8.10 

23.12 

32,00 

28.50 

36.00 

1.38 

1.22 

0.75 

0.70 

0.75 

1.57 


Note. — A ll weighings made on the water free basis. 
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Table 5~-Mechanical Analtses, Hiloard Elutbiatob Method 
Hanford Fine Sandy Loam 


Separates 


Velocity^ 



Samjiles 





Diameter per 14-A 

15-A 

16-A 

19-A 

20-A 

22-A 

28-A 

24-A 

26A 

Name mm. second % 

% 

% 

% 

% 

7o 

% 

% 

7o 

Clay .01 0.25 12.89 

8.16 

11.97 

11.09 

10.55 

7.97 

8.68 

6.47 

6.65 

Pine silt .01 -.016 0.25 37.25 

19.39 

24.61 

5.95 

22.09 

14.15 

22,57 

11.11 

14.54 

Medium silt .016-.025 0.5 4.19 

3.05 

3.22 

1.67 

6.40 

3.15 

5.90 

1.20 

1.59 

.025-.036 1 8.63 

5.04 

5.06 

5.27 

8.40 

5.29 

6.89 

5.08 

6.36 

Coarse silt .036-.047 2 7.95 

6.57 

5.99 

7.14 

7.68 

6.47 

10.53 

7.48 

7.91 

.047-072 4 6.23 

10.23 

7.27 

12.76 

9.93 

11.30 

13.03 

13.91 

12.64 

Fine sand .072-.12 8 5.26 

12.31 

8.57 

17.79 

10.48 

17.15 

12.71 

19.27 

18.11 

.12 -.16 16 7.15 

13.93 

9.76 

12.00 

12.29 

17.39 

7.94 

21.56 

9.55 

Medium sand .16- .30 32 8.81 

15.29 

16.05 

24.20 

10.03 

14.87 

9.88 

12.36 

19.15 

Coarse sand .30- .50 64 1.43 

6.02 

7.51 

2.13 

2.70 

2.27 

1.85 

1.50 

3.50 

Total weight of separates, gm. 20.19 

20.23 

20.53 

20.08 

20.27 

20.06 

20.30 

20.26 

19.18 

Weight of original sample, gm. 19.46 

19.90 

19.69 

19.82 

19.73 

19.81 

19.78 

19.83 

19.78 

Grits, % 0.5-2.0 4.12* 

13.23 

25.47 

7.85 

6.71 

3.07 

7.24 

6.85 

3.83 

Hygroscopic moisture, % 2.73 

0.49 

1.54 

0.89 

1.34 

0.94 

1.10 

0.84 

1.10 

Table 6— Mechanical Analyses, Bureau or Soils Method 



Diablo Clay Adobe 






Separates 



Samples 





Diameter 

^ r- 

l-A 

2-A 


r>-A 

6-A 



Name mm. 


7 c 

% 


7 c 

% 



Clay .005 

44.81 

44.44 

45.67 

56.01 



Silt .005- .05 

32.00 

42.51 

23.01 

14.28 



Very fine sand .05 - .10 

19.61 

11.35 

21.58 

25.58 



Fine sand .10 - .25 


1.36 

1.33 


4.81 

2.10 



Medium sand .25 - .5 


0.26 

0.69 


0.95 

2.05 



Coarse sand .5 -1.0 


0.58 

0.20 


1.56 

0.00 



Fine gravel 1.0 -2.0 


0.03 

0.02 


0.04 

0.00 



Note. — ^Determinations made by the Division of Soil Technology. 






Table 7— Mechanical Analyses, Bureau op Soils Method 

Altamont Clay Loam 

Separates Samples 


Diameter ' 

3-A 

4-A 

7-A" 

Name 

mm. 

7 o 

7 c 

7 c 

Clay 

.005 

33.19 

26.50 

31.84 

Silt 

.005- .05 

31.76 

17.,35 

37.40 

Very fine sand 

.05 - .10 

22.81 

39.15 

24.70 

Fine sand 

.10 - .25 

8.97 

6.08 

3.27 

Medium sand 

.25 - .5 

1.99 

7.78 

‘ 0.92 

Coarse sand 

.5 -1.0 

1.74 

3.06 

0.55 

Fine gravel 

1.0 -2.0 

1.01 

1.22 

0.22 


Note, — ^DeterminatioiiB made by the Diriaion of Soil Technology. 
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Table 8<—Mechakical Analyses, Bureau of Soils Method 


San Joaquin Sandy Loam 
Sanyles 


Separates 


Name 

Diameter' 

mm. 

Clay 

.005 

8ilt 

.005- .05 

Very fln© sand 

.05 - .10 

Fine sand 

.10 - .25 

Medium sand 

.25 - .5 

Coarse sand 

.5 -1.0 

Fine gravel 

1.0 -2.0 


lO-A 

% 

11-A 

% 

12-A 

% 

18-A 

% 

10.78 

15.77 

16.16 

16.94 

21.60 

35.97 

25.04 

22.70 

28.07 

18.53 

27.42 

47.01 

19.96 

2.66 

17.07 

3.99 

9.20 

6.96 

5.80 

4.69 

9.08 

8.51 

6.52 

2.96 

1.34 

12.52 

2.15 

1.81 


17-A 

% 

18-A 

% 

21-A 

% 

26-A 

% 

11.77 

10.49 

8.28 

17.38 

15.97 

26.74 

17.70 

18.17 

20.42 

12.02 

15.92 

13.84 

22.57 

16.61 

21.27 

10.26 

10.75 

13.85 

13.57 

14.72 

13.81 

16.52 

21.41 

24.26 

3.13 

4.07 

2.07 

2.02 


Not*. — D eterminatioiit made by the Division of Soil Technology. 


Table 9— Mechanical Analyses, Bureau of Soils Method 
Hanford Fine Sandy Loam 

Separates Samples 


Name 

Diameter 

mm. 

14-A 

% 

15-A 

% 

16 -A 
^/r 

19- A 

20- A 
7 c 

22-A 

7 c 

23-A 

7 c 

24-A 

% 

25-A 

7 c 

Clay 

.005 

14.10 

12.08 

16.84 

15.28 

15.95 

7.79 

10.61 

9.83 

7.60 

Silt • 

.005- .05 

39.25 

22.42 

16,16 

15.03 

32.90 

22.70 

24.38 

11.42 

12,90 

Very fine sand 

.05 - .10 

22.66 

37.12 

16.46 

32.87 

22.58 

36.15 

38.73 

42.05 

67.37 

Fine sand 

.10 - .25 

17.54 

6.51 

17.32 

8.13 

18.20 

27.78 

16.51 

28.73 

5.88 

Medium sand 

.25 - .5 

4.71 

11.40 

11.70 

15.42 

4.97 

4.21 

4.66 

4.27 

3.47 

(^oarse sand 

.5 -1.0 

1.99 

8.49 

15.54 

9.27 

3.07 

1.47 

3.28 

3.01 

.1.27 

Fine gravel 

1.0 -2.0 

0.13 

1.91 

5.27 

3.63 

0.20 

0.20 

1.48 

1.02 

1.02 


Note. — Determinations made by the Division of Soil Technolog?'. 


Moisture Equivahnt , — The moisture equivalents of the surface 
horizon samples were determined by the Division of Soil Technology 
(table 10, and figs. 9, 10). The different types gave quite distinct 
averages, though there was considerable variation within the type. 
The Diablo clay adobe varied from 37% to 57%, with an average of 
47%. The Altamont clay loam varied from 22% to 37%, with 28% 
as an average. The San Joaquin sandy loam varied from 7% to 
15%, with the average of 11%. The Hanford fine sandy loam varied 
from 11% to 25%, with 15% as the average. These figures show 
that as a whole the moisture equivalents of the several types are 
distinct, though there is the usual overlapping in some cases. The 
samples of a given type are in many instances closely similar, though 
not always or even usually so. 
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Fig. 9. Graph showing the results of the determination of the moisture 
equivalent and of the hygroscopic coefficient on the four samples of Diablo 
clay adobe and the three samples of Altamoiit clay loam. 
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Diablo Olay Adobe 


Table 10 — Moisture Equivalent 

San Joaquin Sandy 
Altarnont Clay Loam Loam 


Hanford Fine Sandy 
Loam 



Average 



Average 


Average 



Average 

No. 


% 

No. 

% 

% 

No. 

% 

% 

No. 

% 

% 

1~A 

49.70 


3-A 

38.10 


10- A 

10.30 


14- A 

25.80 



48.90 

49.30 


37.80 

37.95 


10.10 

10.20 


25.20 

25.50 

2-A 

37.40 


4~A 

23.41 


ll-A 

15.52 


1.5-A 

11.50 



36.80 

37.10 


22.35 

22.88 


15.54 

15..53 


11.20 

11.35 

5-A 

46.55 


7-A 

23.90 


12-A 

13.72 


16-A 

15.60 



48.10 

47.32 


23.90 

23.90 


13.62 

13.67 


15.60 

1.5.60 

6~A 

58.80 


A 

verage 

28.94 

13-A 

14,50 


19-A 

13.30 



.56.80 

57.80 





14.60 

14.55 


11.30 

13.80 

Average 

47.88 




17-A 

8.90 


20-A 

18.41 









8.98 

8.94 


18.38 

18.39 







18- A 

7.92 


22-A 

12.73 









7.87 

7.89 


12.22 

12.47 







21-A 

7.16 


23-A 

11.08 









7.09 

7.12 


10 90 

10.99 







26-A 

11.30 


24-A 

16.30 









11.81 

11.55 


16.17 

16.23 







A 

verage 

11.18 

25-A 

11.17 












12.72 

11.94 










Average 15.14 


Note — DetenniuationH made by the Division of Soil Terhnolopv. 


Diablo Clay Adobe 


Table 11 — Hygroscopic Coefficient 

San Joaquin Sandy 
Mtaiuont Clay Loam Tionm 


Hanford Fine Sandy 
Loam 


No. 

Ce 

Average 

% 

\o. 

Average 

No 


Average 

No 

^5- 

Average 

7r 

1-A 

15.88 


3-A 

17.48 

14-A 

5.35 


10- A 

2.46 



15.08 

15.48 


18.45 17 93 


4.70 

5.03 


2.51 

2.49 

2-A 

9.90 


4-A 

9 60 

15-A 

1.31 


ll-A 

3.44 



9.48 

0.09 


7.00 8.30 


1..39 

1.35 


3.45 

3.44 

5-A 

1U8 


7-A 

7.92 

16-A 

3.90 


12-A 

3.58 



13.90 

14.04 


5.92 6.92 


3.60 

.3.75 


3.45 

3.52 

6 -A 

15.20 


Average 11 0.5 

19-A 

1.66 


13-A 

2 50 



15.70 

35.45 




1.80 

1 73 


2.60 

2.55 

Average 

f 13.66 



20-A 

2.90 


17-A 

1.84 








3.02 

2.96 


1.62 

1.73 






22-A 

2.48 


18-A 

2.10 








2.89 

2.69 


2.00 

2.05 






23-A 

2.38 


21-A 

1.98 








2.53 

2.46 


1.92 

1.95 






24-A 

2.39 


26-A 

3.57 







24-A 

2.39 



3.52 

3.55 







2.37 

2.38 

Average 

2.66 






25-A 

1.78 











1.84 

1.81 





XOTK. — ^Determinations made by the Division of Soil Technology. 
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Fig. 10. Graph showing the results of the determination of the moisture 
equivalent and of the hygroscopic coefficient on the eight samples of San 
Joaquin sandy loam and the nine samples of Hanford fine sandy loam. 


hygroscopic Cocfficmit , — The determination of this coefficient, 
also by the Division of Soil Technology, shows no very distinct values 
for the several types under consideration (table 11, figs. 9,10). The 
Diablo clay adobe samples vary from 9.6% to 15,4%, with the average 
of 13.6%. The Altamont clay loam samples vary from 6.9% to 
17.9%, averaging 11%, The San Joaquin sandy loam varies from 
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1.7% to 3.5%, with the average of 2.66%, while the Hanford fine 
sandy loam varies from 1.3% to 5%, with the average of 2.68%. 
There is no question that here the range of values within every type 
is greater than that from type to type. Even excluding those sam- 
ples shown by the mechanical analysis to be not true to name there 
is a wide range within each type — a range too wide to allow one 
to answer the question of this paper in the affirmative. 

% 



Fig, 13 . Graph showing the percentages of nitrogen and of phosphorus in 
the four samples of Diablo clay adobe. 


The Chemical Data 
Total Nitrogen 

Dmblo clay adobe , — There is more variation in nitrogen content 
between the different representatives of the type than one would 
expect from a visual examination of the soils (table 12 and fig. 11). 
No. 2 would be expected to contain less nitrogen than no. 5 because of 
the lighter color, but such is not the case. In the A horizon, no. 5 
shows the lowest notal nitrogen content with 0.084 , no. 2 is higher 
with 0.092%, no. 1 with 0.104%, and no. 6 is the highest with 0.117%. 
The decrease in the nitrogen content with the increase in depth is 
normal. In the C horizon, no. 1 has the lowest total nitrogen content 
with 0.057%, and no. 6 the highest, with 0.078%?. 

AUamont clay loam , — The agreement between the A samples is 
fairly close (table 13, and fig. 12). No. 4 has 0.103%, no. 7, 0.104%, 
and no. 3 has 0.123%. This gives an average for the surface soil of 
0.110%, as compared with 0.099% in the Diablo clay adobe. It is to 
be noted that the nitrogen content of the subsoil is relatively less 
than that in the Diablo subsoils, 0.071% and 0.056% in the Altamont 
B and C horizons, respectively, as against 0.076% and 0.065% in the 
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B and C horizons of the Diablo. The average amount of nitrogen is 
higher in the A horizon of the Altamont than in the Diablo, contrary 
to what one would expect from the color of the soils, since the Alta- 
mont is typically a brown soil and the Diablo a dark gray to black soil. 

San Joaquin sandy loam , — The nitrogen content of these soils is 
uniformly low (table 14 and fig. 13). from 0.03% to 0.05%, and is but a 
third to a half of what Hilgard believed adequate for crop production. 



Fig, 12. Graph showing the percentages of nitrogen and of phosphorus in 
the three samples of Altamont clay loam. 



10 11 12 13 17 IS 21 20 Soils 

Fig. 13. Graph showing the percentages of nitrogen and of phosphorus in 
the eight samples of San Joaquin sandy loam. 


The nitrogen content is seen to vary more or less directly with the 
amount of the finer sediments present in the soil— -nos. 11 and 12 
being lp*avy members of the type, with 0.05% and 0.047 respec- 
tively, and nos. 17 and 18 light members of the type with 0.029% and 
0.027% respectively. It may be noted that the nitrogen content of 
the various horizons are not as far apart as in the other types. The 
averages for the three horizons are: A— 0.037 7o, B— 0.027%, and 
C — 0.026%. It must be borne in mind that the San Joaquin sandy 
loam horizons are not full 12-inch samples, and that the total depth 
of the sampling is less. 
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Hanford fine sandy loam . — Here again in the A horizon the nitro- 
gen content is fairly uniform (table 15, and fig. 14), with from 0.045% 
to 0.072%), if the extra typical no. 14, with 0.119%, be left out of 
consideration. One would suppose these soils to be higher in their 



14 15 KJ 19 20 22 23 24 25 Soils 

Fi^. 14. Graph showing the percentages of nitrogen and of phosphorus in 
the nine samples of Hanford fine sandy loam. 


nitrogen content, as compared with the San Joaquin series, than the 
results show. The B and C horizons of the Hanford samples contain 
0.038% and 0.028% nitrogen, respectively, showing that with the 
increase of depth there is a more rapid decrease of nitrogen than in 
the San Joaquin samples, with the nitrogen content of the C horizon 
of the Hanford only 0.002% above that of the C horizon of the San 
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Joaquin. The greenhouse pot cultures showed the effect of the much 
higher nitrogen content in no. 14 in giving better color and growth 
to the plants and especially to the grains. The increase of the nitrogen 
in the surface of no. 23, as compared with the B and C horizons, 
might be ascribed to the fertilizers applied to the orange grove where 
this sample was collected; yet no. 24 is a truck soil which has been 
fertilized to a considerable extent with barnyard manure. The nitro- 
gen content of this type, as judged by the previous standards, is 
quite inadequate. 

Compare the nitrogen content of the A horizons of the four types ; 
The Diablo has an average of 0.099%, with a range or from 0.084% 
to 0.117% ; the Altamont has an average of 0.110%, with a range of 
from 0.103% to 0.123% ; the San Joaquin has an average of 0.037%, 
with a range of from 0.027% to 0.050%; and the Hanford has an 
average of 0.062%, with a range of from 0.045% to 0.119%. Thus 
the total nitrogen content of the several types is reasonably constant 
within the type and rather distinct for the types. 


Table 12 — Total Nitrogen 


Diablo Clay Adobe 


Horizon 


Sample 

A 

Average 

B 

Average 

0 

Average 

% 

% 

% 

% 

% 

% 


0.109 

0.105 

0.076 

0.069 

0.056 

0.057 

1 

0.101 


0.063 


0.059 


2 

0.100 


0.072 


0.062 



0.084 

0.092 

0.064 

0.068 

0.058 

0.060 

5 

0.085 


0.065 


No sample 


0.084 

0.084 

0.065 

0.065 



6 

0.114 


0.097 


0.075 



0.122 

0.118 

0.107 

0.102 

0.083 

0.079 

Average 

0.100 


0.076 


0.065 


Table 13 — Total Nitrogen 
Altamont Clay Loam 


bample % 

3 0.123 
0.124 

4 0.103 
0.103 


0.106 

0.104 


Average 


Horizon 


Average 

B 

Average 

0 

Average 

% 

% 

0.089 

% 

% 

0.069 

% 

0.123 

0.087 

0.054 

0.088 

0.067 

0.041 

0.068 

0.041 

0.103 

0.053 

0.070 

0.053 

0.041 

0.061 

0.041 

0.105 

0.110 

0.077 

0.073 

0.071 

0.059 

0.060 

0.056 


7 



1919] 


Pendleton: A Study of Soil Types 


399 


Table 14 — Total Nitrogen 
San Joaquin Sandy Loam 


Horizon 


Sample 

A 

Average 

B 

Average 

0 

Average 

% 

% 

% 

% 

% 

% 

10 

0,037 


0.026 


0.022 



0.038 

0.037 

0.029 

0.027 

0.020 

0.021 

11 

0.051 


0.042 


0.038 



0.051 

0.0.')! 

0.046 

0.044 

0,040 

0.039 

12 

0.049 


0.032 


0.042 



0.045 

0.047 

0.034 

0.033 

0.040 

0.041 

13 

0.040 


0.038 


0.033 



0.040 

0.040 

0.043 

0.040 

0.033 

0.033 

17 

0.028 


0,019 


Noi 

sample 


0.030 

0.029 

0.018 

0.018 



18 

0.028 


0.016 


0.018 




0.028 

0.017 

0.016 

0.021 

0.019 

21 

0,029 


0.012 


0.014 



0.030 

0.029 

0.012 

0.012 

0.014 

0.014 

26 

0.041 


0.026 


0.016 



0.041 

0.041 

0.027 

0.026 

0.017 

0.016 

Average 

0.038 


0.027 


0.026 


Table 15 — Total Nitrogen 
Hanford Fine Sandy Loam 


Horizon 



x 

Average 

B 

Average 

C 

A 

Average 

Sample 



% 

% 

% 

% 

14 

0.113 


0.084 


0.060 



0.126 

0.119 

0.081 

0.082 

0.057 

0.058 

15 

0.052 


0.039 


0.028 



0.0.55 

0.053 

0.043 

0.041 

0.027 

0.028 

16 

0,058 


0.030 


0.020 



0.0.54 

0.056 


0.030 

0.023 

0.021 

19 

0.046 


0.025 


0.024 

0.023 


0.044 

0.045 

0.025 

0.025 

0.023 

0.023 

20 

0.062 


0.032 


0.024 



0.058 

0.060 

0.034 

0.033 

0.02L 

0.023 

22 

0.057 


0.033 


0.025 



0.061 

0.059 

0.036 

0.034 

0.023 

0.024 

23 

0.075 


0.028 


0.020 



0.071 

0.073 

0.030 

0.029 

0.016 

0.018 

24 

0.050 


0.032 

0.034 

0.028 

0.028 

25 

0.045 


0.031 


0.022 



0.047 

0.046 

0.032 

0.031 

0.024 

0.023 

Average 

0.062 


0.038 


0.027 
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Humus 

Diablo clay adobe , — The variations in the humus content of the A 
samples (table 16, and fig. 15) are moderate, 1.1% to 1.4%, while the 
B and C horizons do not agree so closely with each other or with the 


% 



Fig. 15. Graph showing the loss on ignition, the amount of humus, and 
the percentages of calcium, magnesium, and potassium in the four samjdes 
of Diablo clay adobe. 

surface foot. The average content of humus in the A samples is 
1.26%, in the B samples 0.95%, and in the C samples 0,75%. It is 
worthy of note that soil no. 2, with the lightest color of the four, and 
what might be supposed to be a lower humus content, has next to the 
highest amount. 
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Altumont clay loam , — Here the variations in the humus content 
(table 17, and fig. 16) are small in the A horizon, 1.1% to 1.3%. The 
average is 1.24%. The B and C samples show a good parallelism 
among themselves, but not so good when compared with the surface. 
The average of the B horizon is 0.84%, and of the C horizon 0.57%. 

% 



Fig. 16 . Graph showing tho loss on ignition, the amount of humus, and the 
percentages of calcium, magnesium, and potassium in the three samples of Alta- 
mont clay loam. 

San Joaquin sandy loam . — This type contains a considerable quan- 
tity of humus (table 18, and fig. 17) when one takes into considera- 
tion the popular criteria for the presence of humus, for the red to 
reddish brown San Joaquin soils are very different from the brown 
Altamont or the black Diablo soils. The samples of this type gave 
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light colored or nearly colorless humus solutions. But when the ali- 
quots were ignited, after evaporation, there was a very noticeable 
blackening and charring of the residue, together with a considerable 



Fig, 17. Graph showing the loss on ignition, the amount of humus, and 
the percentages of calcium, magnesium, and potassium in the nine samples of 
San woaquin sandy loam. 

loss in weight. This phenomenon, in the light of the work of Gortner,**' 
shows that these soils have a “humus” content above that which they 
might be supposed to have, because of the almost complete absence of 


27 Soil Science, vol. 2 (1916), pp. 395-442. 
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the black pigment.’^ Soil no. 26, probably the only virgin soil in 
the series, shows a particularly high content of humus for such a soil, 
though from the color of the soil one would suspect but very little 
humus. The agreement between the three horizons of the San Joaquin 
sandy loam samples is close. The average content of humus was 
0.68% in the A, 0.51% in the B, and 0.38% in the C horizon. 

Hanford fine sayidy loam . — The variations in humus content in this 
type are greater than in any of the others (table 19, and fig. 18). This 
is possibly because of two factors ; the open texture of the soil, hence 
the rapid loss of organic matter by oxidation processes ; and secondly, 
the high agricultural value of this soil, which has led to a greater appli- 
cation of fertilizers than has been the case with the other soils. The 
actual variations in the humus content are large, 0.7% to 2.1% with 
the average of 1.1 59^ for horizon A, from 0.5% to 1.8% with the aver- 
age of 0.81% for B, and from 0.44% to 1.07% with the average of 
0.59% for C. Tlie extra-typical sample no. 14 is above any of the 
others in the total humus content. The variations in the subsoil 
humus content are more or less parallel to those of the surface soil. 

The following averages of the humus content of horizon A, Diablo 
1.26%, Altamont 1.24%/, San Joaquin 0.68%, Hanford 1.15%, show 
that there is not much difference between the soils, except for the San 
Joa(iuin sandy loam, which has an average of half the others. Within 
the type the soils may be nearly alike, as in the San Joaquin and Alta- 
mont, or may be variable to a large degree, as in the Hanford. The 
variations in the humus content of the soils are small, considering the 
diverse nature of the soils, and the usual methods for judging the 
quantity of humus. 

Table 16 — Humus (and Humus Ash) 


Dtahlo Clay Adobe 

Ifumus Humus ash 

JlcruonB Horizons 

A. _ A. 



, — 



-A 


' 

/ 



A 


Aver* 


A 

Average 

B 

Average 

C 

Average 

A 

Average 

B 

A “^erage 

C 

age 

Sample 

f'r 


V, 



*/€ 

^ r 

% 

f'c 

f'f 

% 


1 

1.08 


0,51 


0.18 


0.55 


0.75 


0.45 



1.08 

1.08 

0.51 

0.51 

0.24 

0.21 

0.56 

0.56 

0.73 

0.74 

0.46 

0.46 

2 

1.40 


1.16 


1.09 


l.Ol 


0.96 


1.09 



1.38 

1.39 

1.15 

1.15 

1.02 

1.06 

1.03 

1.02 

0.96 

0.96 

0.96 

1.03 

5 

1.17 


0.87 





1.08 


1.19 


.... 



1.12 

1.15 

0.91 

0.89 




1.10 

1.09 

1.14 

1.17 



6 

1.48 


1.26 


0.95 


0.98 


0.88 


0.78 



1.37 

1.43 

1.26 

1.26 

0.99 

0.97 

0.95 

0.96 

0.91 

0.90 

0.85 

0.81 

Average 


1.26 


0.95 


0.72 


0.91 


0.95 


0.77 
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Table 17 — Humus (and Humus Ash) 
Altamoni Clay Loam 


Humus Humus ash 

Horizons Horizons 

A . A 


Sample 

A 

% 

Average 

% 

B 

% 

Average 

% 

C 

% 

Average 

% 

A Average 

% % 

B 

% 

Average 

% 

0 

% 

Aver- 

r 

3 

1.06 


0.89 


0.59 


1.29 


1.08 


0.95 



J.13 

1.09 

0.84 

0.86 

0.58 

0.59 

1.23 

1.26 

1.28 

1.18 

0.95 

0.95 

4 

1.30 


0.69 


0.59 


0.80 


0.98 


0.91 



1.33 

1.31 

0.71 

0.70 

0.28 

0.43 

0.85 

0.83 

0.98 

0.98 

1.03 

0.97 

7 

1.32 


0.95 


0.68 


0.72 


0.87 


1.09 



1.31 

1.32 

0.96 

0.96 

0.68 

0,68 

0.75 

0.74 

0.88 

0.88 

1.08 

1.08 

Average 


1.24 


0.84 


0.57 


0.94 


1.01 


1.00 


Table 18 — Humus (and Humus Ash) 
San Joaquin Sandy Loam 


Humus Humus ash 

Hotjzotis Horizons 

A ^ ^ ^ ^ 

Aver- 



A Average 

B 

Average 

C 

Average 

A Average 

B 

Average 

C 

age 

Sample 

% 


( ' 


Vt 

'/r 




Vr 

*/r 

7c 

10 

0.66 


0.53 


0.27 


1.31 


1.33 


0.67 




0.66 


0.53 


0.27 


1.31 


1.33 


0.67 

11 

0.75 


0.41 


0.37 


0.51 


0.66 


0.58, 



0.71 

0.73 


0.41 


0.37 

0.69 

0.60 


0.66 


0.58 

12 

0.(52 


0.49 


0.32 


0.88 


1.50 


0.80 



0.65 

0.64 


0.49 


0.32 

0.95 

0.91 


1.50 


0.80 

13 

0,75 


0,50 


0.35 


1.38 


0.90 


1.02 



0.78 

0.77 


0.50 


0,35 

1.36 

1.37 


0.90 


1.02 

37 

0..51 


0.38 




0.53 


1.23 





0.51 

0.51 


0.38 



0..57 

0.55 


1.23 



18 

0.56 


0.60 


0.42 


0.61 


0.76 


1.79 



0.60 

0.58 

0.58 

0.59 


0.42 

0.56 

0.59 

0.75 

0.76 


1.79 

21 

0.52 


0.19 


0.18 


0.53 


0.37 


0.37 



0.52 

0.52 

0.21 

0.40 

0.21 

0.19 

0.54 

0.53 

0.37 

0.37 

0.48 

0.42 

26 

1.04 


0.79 


0.68 


0.89 


3.57 


5.28 



1.01 

1.02 

0.79 

0.79 

0.82 

0.75 

0.76 

0.83 

3.63 

3.60 

5.46 

5.,35 

Average 


0.66 


0.51 


0,38 


0.83 


1.24 


1.51 

Excluding no. 

26 









0.95 


0.87 


Loss ON Ignition 

The loss on ipuition of the A horizon varies directly with the tex- 
ture of the soil, the heavier soils losing more on heating. Obviously 
the water of combination of the clay is a large factor in this loss. In 
the San Joaquin sandy loam the lo.ss on ignition was determined in 
the three horizons. In the other three types the A horizon was the 
■only one examined (tables 20, 21, and figs. 15-18). 
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Table 19 — Humus (and Humus A.sh) 

Hanford Fine Sandy Loam 

Humus Humus ash 

Horizons Horizons 

A--- , A 



A 

Average B 

Average 0 

Average 

A Average 

B 

Average 

0 

age 

Sample 

% 

% 

% 

% 

% 


% 

% 

% 

% 

% 

% 

14 

2.11 


1.81 


1.10 


1.14 


1.24 


1.01 



2.09 

2.10 

1.78 

1.79 

1.05 

1.07 

1.17 

1.16 

1.27 

1.26 

1.09 

1.05 

15 

1.79 


0.88 


1.04 


1.88 


0.94 


0.92 



1.77 

1.78 

0.93 

0.90 

0.67 

0.86 

1.85 

1.86 

0.89 

0.92 

0.91 

0.92 

16 

1.20 


0.73 


0.41 


0.91 


0.93 


0.90 



1.20 

1.20 

0.73 

0.73 

0.46 

0.44 

0.91 

0.91 

1.47 

0.93 

0.90 

0.90 

39 

0,73 


0.51 


0.45 


0.48 


0.57 


0.78 



0.74 

0.73 

0.50 

0.51 

0.55 

0.50 

0.47 

0.48 

0.58 

0.58 

0.76 

0.77 

20 

1.08 


0.86 


0.59 


0.52 


0.90 


0.79 



1.06 

1.07 

0.89 

0.88 

0.50 

0.55 

0.56 

0.54 

0.90 

0.90 

0.78 

0.78 

22 

0.96 


0.73 


0.58 


0.59 


0.60 


0.58 



0,96 

0.96 

0.71 

0.72 

0.56 

0.57 

0.59 

0.59 

0.60 

0.60 

0.63 

0.63 

23 

1.04 


0.59 


0.38 


0.58 


0.45 


0.39 



1.07 

1.05 

0.62 

0.61 

0.38 

0.38 

0.57 

0.58 

0.41 

0.43 

0.37 

0.38 

24 

0.73 


0.55 


0.56 


0.58 


0.69 


0.82 



0.73 

0.73 

0.61 

0.58 

0.51 

0.54 

0.56 • 

0.57 

0.69 

0.69 

0.80 

0.81 

25 

0.71 


0.58 


0.45 


0.57 


0.67 


0.74 



0.69 

0.70 

0.56 

0.57 

0.42 

0.44 

0.61 

0.59 

0.71 

0.69 

0.78 

0.76 

Average 


1.15 


0.82 


0.59 


0.81 


0.78 


0.78 


Diablo clay adobe , — The variation in these samples was from 
5.6% to 8.6%, with the average of 6.8%. The Altamont clay loam 
has a variation of from 5% to 8.7%, averaging 6.7%. The San Joa- 
quin sandy loam has a range of variation between 1,6% and 4.2%, 
with an average of 2.6%. The loss on ignition of the lower horizons 
increases over that of the surface, because of the increase in texture. 
The B horizon shows an av<Tage loss of 3.9% and the C horizon of 
4.67%. The Hanford fine sandy loam range of variation in the loss 
on ignition is, excluding no. 14, from 2.2% to 3.9%, with an average 
of 3.4%. Thus the curve for this type is quite uniform, except for 
no. 14, which shows a loss of 6.9%. 

It is seen that the averages in the loss on ignition of the A horizons 
of the Diablo and Altamont soils are close, and high, 6.8% and 6.7% 
respectively. The averages of the San Joaquin and Hanford sam- 
ples, 2.6% and 3.4% respectively, are low and not widely separated. 
Since the values for the types overlap considerably, and the averages 
are not distinct, except between the light and heavy groups, there is 
no significant distinction between the four types by this determination. 
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Table 20 — Loss on Ignition 


Diablo Clay Adobe 



% 

% 

1~A 

6.62 



6.66 

6.64 

2-A 

6.57 



6.64 

6.60 

5~A 

6.61 

5.61 

6-A 

8.67 



8.71 

8.69 

Average 

6.88 


(Surface horizon only) 


Altamont Olay Loam 


% 


3-A 8.74 

8.82 

8.78 

4-A 5.05 

5.05 

5.05 

7-A 6.58 

6.46 

6.52 

Average 

6.78 


Hanford Pine Sandy 
Loam 



% 

" ^ 

14-A 

6.90 



6.95 

6.92 

15-A 

2.27 



2.30 

2.28 

16-^ A 

3.26 



3.24 

3.25 

3 9- A 

3.10 



3.13 

3.11 

20-A 

3.90 



3.94 

3.92 

22-A 

3.06 



3.07 

3.06 

25-A 

3.48 



3.45 

3.46 

24~A 

2.60 



2.60 

2.60 

25~A 

2.68 



2.72 

2.70 

Av 

erage 

3.48 


Table 21 — Loss on Ignition 
San Joaquin Sandy Loam 


Homon 



" A 

Average 

B 

Average 

C 

Average 

Sample 

% 

7c 

7f 

7c 

% 

7c 

10 

2,13 


2.32 


3.10 



2.17 

2.15 

2.27 

o OQ 

3.08 

3.09 

31 

3.23 


6.33 


6.57 



3.20 

3.21 

6.16 

6.24 

6.67 

6.62 

12 

5.37 


2.97 





3.22 

4.29 

3.18 

3.07 

5.54 

5.54 

13 

2.94 


6.58 


3.97 



2.96 

2.95 

6.75 

6.66 

6.07 

5.02 

17 

1.85 


2.54 


No sample 


3.88 

1.86 

2.61 

2.57 



18 

3.82 


2.18 


2.90 



1.83 

1.82 

2.18 

2.18 

2.89 

2.89 

21 

3.68 


1.60 


3.31 



1.69 

1.68 

1.56 

1.58 

3.33 

3.32 

26 

3.30 


6.97 


6.18 




3.30 

6.95 

6.96 


6.18 

Average 

2.66 


3.94 


4.67 
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Calcium 

The Diablo, Altamont, and Hanford soils were analyzed for their 
calcium in the A horizon only, while the A, B, and C horizons of the 
San Joaquin sandy loam were analyzed (tables 22, 23, and figs. 15-18). 

Diablo clay adobe , — There is much divergence in the amounts of 
CaO in this type, varying from 0.36% to 2.05%, with the average 
of 1.23%. 

Altamont clay loam . — Tii this type there is a little greater varia- 
tion than in the Diablo samples, with a range of from 0.78% to 5.64%, 
averaging 2.44% CaO. In both this soil and in the Diablo the wide 
variation in the lime content is undoubtedly due to the nature of the 
parent rock, since the soils are residual. 

San Joaquin sandy loam , — In the CaO content there is no uni- 
formity among the samples. The A samples of this type contain from 
0.47% to 2.989?, with an average of 1.65%. It would seem that the 
materials from which the soils were derived were of varying composi- 
tion. For from the present climatic conditions soil no. 25 is the one 
subject to the least leaching, and yet has the least CaO content. The 
B and C percentages follow the surface very elos(‘ly — sufficiently so 
to necessitate no particular explanation. The range of variation in 
the B horizon is from 0.11% to 2.42%, and the average is 1.42% . 
The C samples vary from 0.17%> to 2.81%,, with the average of 1.52% . 

Hanford fine san-dy loam . — The A samples of this t 3 "pe contain 
from 2.56% CaO to 4.69%, with 3.33% as the average. The varia- 
tions are not so marked among the series of this type as in the cases 
of the other three soils. The absolute range is nearly as great, but 
the relative variation is less. 

Even though there are differences between the average CaO con- 
tent in the several types, the wide variation in the amount found in 
the several samples of a given type, and the overlapping of these 
amountss from the different t^’pes entirely preclude any statement 
that as regards the calcium content the soils of an^' one type are 
closely similar to on^ another, or that one type has a higher or lower 
lime content than another. 
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Table 22— Calcium as CaO 


Diablo Clay Adobe 



% 

% ■ 

1-A 

1.86 



1.80 

1.83 

2-A 

2.12 



1.98 

2.05 

5-A 

0.56 



0.17 

0.36 

6-A 

0.67 

0.67 

Average 

1.23 


(Surface horizons only) 


Altamont Olay Loam 


% 


3-A 

5.64 

5.64 

4-A 

0.92 



0.88 

0.90 

7-A 

0.89 



0.67 

0.78 

Average 

2.44 


Hanford Fine Sandy 
Loam 



% 

% 

14-A 

2.91 



2.99 

2.95 

LVA 

2.98 



3.22 

3.10 

16~A 

2.48 



2.65 

2.56 

19- A 

3.28 



3.17 

3.22 

20-A 

2.69 



2.73 

2.71 

22— A 

3.80 



3.92 

3.86 

23~A 

2.88 



3.00 

2.94 

24-A 

3.88 



4.00 

3.94 

2.’-A 

4.58 



4.80 

4.69 


Average 

3.33 


Table 23 — Calcium as CaO 


San Joaquin Sandy Loam 
Horizon 



A 

Average 

B 

Average 

0 

Average 

Sample 





% 

% 

10 

0,67 


0.82 


1.11 



0.62 

0.64 

1.03 

0.92 

1.12 

1.11 

11 

1.94 


1.62 


1.65 



1.26 

1.60 

1.70 

1.66 

1.55 

1.60 

12 

3.12 


2.21 


2.61 



3.50 

3.31 


2,21 

3.01 

2.81 

13 

2.83 


2,38 


2.46 



3.13 

2.98 

2.46 

2,42 

2.79 

2.62 

17 

1.83 


1.92 


No sample 


2.08 

1.95 

2.08 

2.00 



18 

1,40 


1.00 


1.48 



1.34 

1.37 

1.45 

1.22 

1.42 

1.45 

21 

0.91 


0.89 


0.85 



0.84 

0.87 

0.83 

0.86 

0.89 

0.87 

26 

0.48 


0.13 


0.17 



0.47 

0.47 

0.10 

0.11 

0.17 

0.17 

Average 

1.65 


1.42 


1.52 
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Magnesium as MqO 

Diablo clay adobe , — This type shows a moderate variability in the 
magnesium content, with from 1.13% MgO to 3.26%, averaging 
2.09%. The largest quantity is three times that of the smallest 
(tables 24, 25, figs. 15-18). 

Alto'nwni clay loam , — Within the three samples of this type the 
range in the MgO content is very great, from 0.07% to 1.90%, with 
the average of 1.05%. The largest is twenty-seven times that of the 
smallest. 

jSan Joaquin sandy loam , — The total MgO in the samples of the 
type is low, considering that some soils reported hy Hilgard contain 
from 1% to 3% magnesia by the acid digestion. The variation within 
the A horizon is from 0.34 %> to 0.90%, with the average of 0.62%, i.e., 
the largest is tliree times the smallest. The quantities in the B horizon 
are somewhat erratic as compared with those of the surface, y(^t in 
both the B and C horizons the results approach those of the surface 
sufficiently to give a rough parallelism. The greater amount of clay 
and fine silts with the increase of depth gives, as one would expect, 
an increase of magnesium. The average MgO content in the B horizon 
is 0,81 and in the C horizon 1.05%. 


Table 24 — ^Magnesium as MgO 
(Surface horizon only) 

Hanford Fine Bandy 

Altamont Clay Loam Loam 

A A 


Diablo Clay Adobe 

A 


r ' 

% 


1-A 

1.64 



2.20 

1.92 

2-.A 

2.16 



1.95 

2.05 

5~A 

1.23 



1.03 

1.13 

6-A 

3.62 



2.90 

3.26 

Average 

2.09 


% 

% 

3~A 1.85 


1.95 

1.90 

4- A 1.21 


1.17 

1.19 

7-A 0.09 


0.05 

0.07 

Average 

1.05 



Vr 

9 ^ 

14- A 

2.49 



2.49 

2.49 

15- A 

0.93 



1.02 

0.97 

16~A 

1.10 



0.99 

1.04 

19- A 

2.11 



1.99 

2.05 

20-A 

1.77 



1.92 

1.84 

22~A 

2.44 



2.71 

2.57 

23-A 

1.94 



1.70 

1.82 

24-A 

2,14 



2.13 

2.13 

25-A 

2.81 



2.40 

2.35 

Average 

1.92 
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Hanford fine sandy loam , — The MgO content of the surface soil 
varies from 0.97% to 2.57%, averaging 1,92%. The relative varia- 
tion within this type is about that of the Diablo and San Joaquin 
types. 

Comparing the average amounts of magnesium oxide in the sur- 
face horizon of the several types, we find the San Joaquin with 0.56%, 
the Altamont with 1.05%, the Hanford with 1.93%, and the Diablo 
with 2.09%. The averages do not signify much, however, because of 
the wide ranges within the types. Therefore as regards magnesium 
the types are neither distinct nor are the soils within the type 
closely similar. 


Table 25 — Magnesium as MgO 
San Joaquin Sandy Loam 

Horizon 


Sample 

A 

Average 

Vc 

B 

Average C 

Average 

95 


Vc Vc 

% 

10- A 

0.31 


0.33 

0.53 



0.30 

0.30 

0.45 

0.39 0.53 

0.53 

ll-A 

0.79 


1,21 

1.48 



0.44 

0.61 

1.22 

1.21 1.25 

1.36 

12- A 

0.83 


0.79 

1.57 



0.79 

0.81 


0.79 1.62 

1.59 

13- A 

o.no 


1.70 

1.67 



0.80 

0.85 

1.63 

1.66 1.82 

1.74 

17- A 

0.53 


0.51 

No sample 


0.74 

0,63 

0.77 

0.64 


18- A 

0.50 


0.40 

0.64 



0.48 

0,49 

0.69 

0.54 0.75 

0.69 

21-A 

0.29 


0.28 

0.52 




0.29 

0.31 

0.29 0.56 

0.54 

26-A 

0.50 


0.52 

0.52 



0.52 

0.51 

0.44 

0.48 0.53 

0.52 

Average 

0.56 


0.75 

1.00 


■ Phosphorus as PjO, 

Diablo clay adobe . — The variations in the P 2 O 5 content in the 
samples of this type are relatively small, from 0.092% to 0.162%, 
with 0.108% as the average (tables 26, 27, figs. 11-14). 

Altamont clay loam . — The range of variation in the amount of 
PjOj is large, from 0.031% to 0.265%, the largest quantity being eight 
times the smallest. The average is 0.132%. 
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8an Joaquin sandy loam . — The variations in the PgOg content of 
the surface soil are from 0.039% to 0.11%, with the average 0.068%. 
The curve is fairly regular. The subsoils follow the surface in a gen- 
eral way. The B horizon samples vary in the phosphoric acid con- 
tent between 0.028% and 0.156%, and average 0.069%. The C sam- 
ples vary between 0.03% and 0.109%, and average 0.067%. The 
averages of the three horizons are seen to be almost identical. No 
particular significance can be attached to the minor variations. 

Hanford fine sandy loam.— The PoOb content in the samples of 
this type is very variable, from 0.195% to 0.819^ , with the average 
of 0.363%. The average of the San Joaquin sandy loam samples is 
0.069^ , of the Diablo clay adobe 0.108% , of the Aitaraont clay loam 
0.132%), and of the Hanford fine sandy loam 0.363%>. Except between 
the Diablo and Altamoiit types these averages vrould show considerable 
ditferences, if it were not that the samples frec^uently show such wide 
departures from the averages. The ranges of the several types fre- 
quently overlap. 


Table 26 — ^Piiosphokus as 
(Surface horizon only) 

Hanford Fine Sandy 

Diablo Olay Adobe Altamont Olay Loam . Loam 



Vr 





% 

% 

1-A 

O.OSH 


3 A 0.278 


ld~A 

0.373 



0.096 

0.092 

0.252 

0.265 


0.292 

0.333 

2-A 

0.064 


1- \ O.OSl 


15-^ A 

0.287 



0.078 

0.071 

0117 

0.099 


0.260 

0.273 

VA 

0.137 


7 -A 0 0.34 


16-A 

0.260 



0 082 

0.109 

0.028 

0.031 


0.277 

0.268 

6-A 

0.143 


A A crage 

0.132 

19- A 

0.303 



0.181 

0.162 




0.272 

0.287 

A A era»/p 

0.108 



20-A 

0.190 



0.200 0.195 

22- A 0.397 

0.401 0.399 

23 - A 0.242 

0.270 0.256 

24- A 0.421 

0.454 0.437 

25- A 0.879 

0.759 0.819 

Average 0.363 
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Table 27— Phosphorus as P 2 O 5 
San Joaquin Sandy Loam 


Horizon 

t'-- "- ’- " - ^ 



A 

Average 

B 

Average 

C 

N 

Average 

Sample 

% 

% 

% 

% 

% 

% 

10 

0.118 


0.060 


0,047 



0.102 

0.110 

0.068 

0.064 

0.057 

0.052 

11 

0.049 


0.047 


0.049 



0.060 

0.054 

0.046 

0.046 

0.028 

0.028 

12 

0.0.57 


0.028 


0.064 



0.071 

0.064 

. — . 

• 0.028 

0.095 

0.078 

13 

0.049 


0.037 


0.036 



0.064 

0.0.56 

0.038 

0.039 

0.024 

0.030 

17 

0.036 


0.041 


No sample 


0.042 

0.039 

0.082 

0.061 



18 

0.043 


0.097 


0.086 



0.0.55 

0.049 

0.074 

0.085 


0.086 

21 

0.069 


0.088 


0.094 



0.068 

0.068 

0.066 

0.077 

0.062 

0.078 

26 

0.117 


0.130 


0.120 



0.092 

0.104 

0.182 

0.156 

0.098 

0.109 

Averni^e 

0.068 


0.069 


0.067 


Potassium as K^O 

Diablo clay adobe . — There is a moderate range in the variation in 
the amount of K^O within this type, the lowest amount being 1.48% 
and the highest 2.06%, the four samples averaging 1.71% (table 28, 
figs. 15-18). 

AHaiu&nt clay I-oam . — A greater variation, from 1.09% to 2.14%, 
of KjO, occurs in the three samples of this type. The average is 
1.74%. 

Sau Joaquin sandy loam . — This type shows the greatest variation, 
from 0.98% to 2.84% . But even so, the the largest quantity of K^O 
is l<‘ss than thre4‘ times the smallest. 1.88% K^O is the average of 
the eight samples. Nos. 11 and 12 of this type show the smallest 
amounts of KoO of any of the twentj^-four samples. 

Hanford fine sandy loam . — The variation in the KgO content of 
the samples of this type is not great — from 1.73% to 3.16%, with 
the average of 2.33% . This is the highest average, as the Diablo clay 
adobe samples show 1.71%, the Altamont clay loam 1.74%, and the 
San Joaquin sandy loam 1.88%>. Because of the considerable range 
in the amounts of K^O for the several samples of a type, and because 
of the many overlappings of the values for one type over another, 
the averages do not mean much and do not show the soils within a 
type to be closely similar, nor do they show the types distinct. 
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Table 28— Potassium as KjO 


(J. Lawrence Smith Method) 

Hanford Fine Sandy 

Diablo Clay Adobe Altamont Clay Loam San Joaquin Sandy Loam Loam 


' 


Average 



Average 



Average 


Average 

No. 

% 

% 

No. 

% 

% 

No. 

% 

% 

No. 

% 

% 

1-A 

1.68 


3-A 

1.06 


14-A 

1.79 


10-A 

2.14 



].67 

1.67 


1.13 

1.09 


1.67 

1.73 


2.12 

2.13 

2-A 

1.62 


4-A 

1.92 


15-A 

2.54 


11-A 

0.99 



1.69 

1.65 


2.36 

2.14 


2.62 

2.58 


0.98 

0.98 

5-A 

1.4o 


7-A 

1.90 


16-A 

2.42 


12-A 

1.03 



1.51 

1.48 


2.10 

2.00 


2.46 

2.44 


1.02 

1.02 

6-A 

2.01 


Average 

1.74 

19- A 

2.10 


13-A 

1.50 



2.12 

2.06 





2.03 

2.06 




1.50 

Average 

1.71 




20-A 

2.00 


17-A 

2.40 









1.81 

1.90 


2.24 

2.32 







2J-A 

2.68 


3 8- A 

2.07 









2.62 

2.65 


2.28 

2.17 







2.3-A 

3.10 


21 -A 

2.81 









3.23 

3.16 


2.88 

2.84 







24-A 

2.29 


26-A 

2.04 









2.21 

2.25 


2.09 

2.06 







25-A 

2,; 8 


Average 

1.88 








2.21 

2.19 










Average 

2.33 





Ractertoia)gtcal Dat^. 

The bacteriological work was not entirely satisfactory, partly bf'- 
cause the conditions in one of the incubators were not all that might 
be desired, and partly because of the refractory physical properties 
of some of the soils. The Diablo and Altamont types, in all three 
horizons, were very heavy and hard to mix and keep in even fair 
physical condition. The San Joaquin soils were predominantly of a 
heavy texture in the B and C horizons, while the surface horizon 
was light and the crumb structure was entirely lost if even a s)mU 
excess of water was added to the culture. 


Am MONIFI CATION 

Tiiere are very marked differences between the various types in 
this determination, though the samples in a given type vary among 
themselves to a large extent. 

Diahlo clay adobe , — The highest ammonia production was about 
three times the lowest, 7,7 mg. and 26 mg. In both this type and 
the following, the B and 0 horizons follow the surface horizoA quite 




Fiq. 19-B 


Fig. 19b. Graph showing nitrogen fixation in the three horizons of the four 
samples of Diablo clay adobe. The quantities are expressed in terms of milli- 
grams of nitrogen fixed per gram of mannite in 50 grams of soil. 
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closely from sample to sample (table 28 and fig. 19a). This may be 
due to the textures, which are quite similar throughout the soil column. 
The averages for the three horizons were : A, 18.6 mg. ; B, 12.6 mg. ; 
and C, 8.9 mg. 



Fig. 20a. Graph showing ammonifieation in the three horizons of the three 
samples of Altamont clay loam. 



Mg N. Fixed 


Fig. 20b. Graph showing nitrogen fixation in milligrams in the three horizons 
of the three samples of Altamont clay loam. 


Altamont clay loam , — As regards horizon A the amount of am- 
monia produced in one soil is three times that in the lowest, 10 mg. 
nitrogen and 33 mg. nitrogen as ammonia, with 8.9 mg. as the average 
(table 30 and fig. 20a). The amount of nitrogen as ammonia pro- 
duced in the B horizon averaged 12.6 mg., in the C horizon 8.9 mg. 
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Sun Joaquin sandy loam , — The amount of ammonia produced in 
the A horizon varied between 30.4 mg. of nitrogen and 57.1 mg., the 
average was 40.2 mg. (table 31 and fig. 21a). The production of 
ammonia, in milligrams of nitrogen, by the B samples varied between 
4.5 mg. and 38.1 mg., with 20 mg. as the average. In the C samples 
the variation was nearly as great, between 5.7 mg. and 32 mg., with 
the average of 20.9 mg. Thus there are notable variations among the 



Mg N as NHs pmluced 


Fig. 21a. Graph showing aininonilication in the three horizoUvS of the eight 
samples of San .Joaquin sandy loam. 


samples of this type, the proportional variation being very great, con- 
sidering the three horizons. Possibly the reason that the B and C 
horizons are so divergent from the surface is that there is a very 
marked variation in the texture between the surface horizon and 
those below the surface. 

Hanford fine sandy loam.— The variation is large here also (table 
32, fig. 22a), the largest quantity of ammonia produced in the surface 
soil is twice that of the smallest production, 72 mg. and 35 mg. The 
subsoil variations, in a general way, parallel those of the surface. 
The average production of ammonia in the three horizons is as fol- 
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lows: A, 56.9 mg. nitrogen; B, 46.3 mg. nitrogen; and C, 38.7 mg. 
nitrogen. In attempting to correlate the variations in ammonifying 
powers with the known variations of the soils, or with the known his- 
tories of the soils, there seem to be no relations of significance. 

The Altamont and Diablo types are about alike in their low am- 
monifying power. The Hanford and San Joaquin are both higher 
and nearer to each other than to the two heavy t 3 ^es, yet tl^e Hanford 
is noticeably higher than the San Joaquin. This is as one would ex- 
pect, from a knowledge of the soils in the field. Considering the types 
as a whole, as represented by the A horizon, there are more marked 
variations between the types than between the samples of a given type 
though the variations within a given type are very large. 


Table 29 — Ammonipication 
Diablo Clay Adobe 
Milligrams N as NHs Produced 

^ ^ 




Checks 

over 


Checks 

over 


Checks 

over 

Sample 

Cultures 

average 

checks 

Cultures 

average 

checks 

Cultures 

average 

checks 

1 

31.48 



28.58 



24.24 




40.32 

2.52 

33.38 

22.98 

2.28 

23.50 

34.99 

2.42 

17.19 

2 

19.81 



9.45 



8.41 




17.07 

1.68 

16.76 

9.84 

1.91 

7.73 

9.95 

1.05 

8.13 

5 

15.90 



11.55 



No sampl 

e 



1.75 

14.15 

12.54 

1.54 

10.50 




6 

12.33 



7.76 



12.33 





2.11 

10,22 

13.55 

2.07 

8.58 

12.33 

2.03 

10.30 

Average 


18.63 



12.58 



11.87 


Table 30 — Ammonipicatxon 
Altamont Clay Loam 

Milligrams N as NHa Produced 
ABO 

r- ^ -- ^ f ^ ^ f ^ ^ 

Increase Increase Increase 

Checks over Checks over Chocks over 

Sample Cultures average checks ‘ Cultures average checks Cultures average checks 


8.14 

10.58 

1.68 

7.68 

6.97 

7.15 

1.40 

5.16 

5.89 

4.91 

1.54 

3.86 

19.75 

19.12 

2.66 

16.77 

6.59 

6.67 

1.36 

5.27 

5.41 

5.12 

1.19 

4.07 

28.66 

27.53 

2.03 

26.06 

19.66 

16.25 

1.75 

16.20 

8.00 

12.37 

1.33 

8.95 



16.84 



8.88 



5.63 


Average 
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Table 31 — Ammonipication 
San Joaquin Sandy Loam 


Milligrams N as NH* Produced 




A 



B 



C 




Checks 

average 

Increase 

r 


Increase 

r 

Increase^ 

Sample Cultures 

over 

checks 

Cultures 

Checks 

average 

over 

checks 

Cultures 

Checks 

average 

over 

checks 

10 

54.24 



42.63 



28.89 



41.95 

1.72 

46.73 

36.11 

1.28 

38.09 

38.25 

1.59 

31.98 

11 

44.47 



7.47 



6.05 




73.23 

1.70 

57.15 

12.52 

1.81 

8.18 

6.78 

1.68 

4.78 

12 

44.48 



18.73 



10.91 




40.07 

1.56 

40.71 

21.81 

1.50 

18.77 

6.11 

1.14 

7.87 

13 

41.66 



5.41 



3.80 




45.94 

1.30 

42.50 

5.36 

0.86 

4.52 

15.17 

0.88 

8.60 

17 

30.19 



27.59 



No sample 



33.88 

1.66 

30.37 

20.68 

1.51 

22.62 




18 

35.04 



30.56 



21.96 




35.24 

1.48 

33.66 

22.81 

1.30 

25.38 

16.92 

1.47 

17.97 

21 

34.44 



37.41 



25.72 




30.89 

1.48 

31.18 

37.74 

1.38 

36.19 

29.66 

1.42 

26.27 

26 

40.81 



7.50 



9.08 





1.64 

39.17 

8.41 

1.44 

6.51 

5.43 

1.54 

5.71 

Average 



40.18 



20.03 



12.89 


Table 32 — Ammonipication 
Hanford Fine Sandy Loam 
Milligrams N as NHi Produced 




A 



B 



C 


Sample Cultures 

Checks 

average 

Increase 

over 

checks 

Cultures 

Checks 
a^ erage 

Increase 

over 

checks 

^ 

Cultures 

Checks 

average 

Increase 

over 

checks 

14 

37.35 

43.57 

1.78 

38.68 

27.96 

48.46 

Horizons 

1.46 

36.75 

14.39 

41.70 

1.24 

26.80 

15 

33.11 

41.75 

1.75 

35.68 

45.68 

48.38 

1.70 

45.33 

59.90 

52.59 

1.62 

54.62 

16 

56.59 

56.77 

1.83 

54.85 

44.08 

42.10 

1.61 

41.48 

44.58 

52.10 

1.69 

46.65 

19 

52.92 

51.85 

1.47 

50.91 

46.70 

38.92 

1.13 

41.68 

24.56 

28.12 

1.24 

25.10 

20 

72.49 

74.21 

1.36 

71.99' 

45.49 

38.52 

1.03 

40.97 

22.05 

30.35 

1.00 

25.20 

22 

64.92 

67.56 

1.75 

64.49 

57.44 

55.34 

1.51 

54.88 

46.08 

47.55 

1.60 

45.21 

23 

71.56 

68.66 

1.61 

68.50 

50.84 

43.01 

1.37 

45.55 

35.15 

35.23 

1.35 

33.84 

24 

65.02 

59.51 

1.50 

60.76 

50.09 

46.54 

1.32 

46.99 

37.56 

40.21 

1.33 

37.55 

25 

68.20 

67.29 

1.43 

66.31 

69.29 

60.03 

1.25 

63.41 

61.01 

47.70 

1.22 

53.13 


56.91 46,34 38.67 


Average 
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Nitrogen Fixationss 

Diablo clay adahe. — This type shows the highest quantity of nitro- 
gen fixed, 9.6 mg., with the subsoil quantities, much lower than the 
surface. The variation within the type is seen to be the largest of that 
in anj" of the types. 

Altamont clay loam. — The surface samples have 1.0, 4.7, and 9.1 
mg. nitrogen (table 34 and fig. 20 b). The soils shows a wide diver- 
gence between the surface samples and between the surface and sub- 
soils. This is to be expected in the heavier soils. 

75 

C 

A 

6 

B 

25 


0 

10 11 12 13 17 18 21 26 Soils 

Mg N Fixed 

Fig. 2lB. Graph showing nitrogen fixation in the three horizons of the 
eight samples of San Joaquin sandy loam. 



San Joaquin sandy loam, — The quantity fixed in the A horizon 
(table 35 and fig. 21b) is small and quite variable. It is between 
nothing and 5.5 mg., with the average of 1.9 mg. Instead of nitrogen 
fixation denitrification took place in a number of cases, especially in 
horizon C. Considering the wide variation in textures of the horizons, 
it is rather odd that there should not be a greater variation between 
the soils from the various depths. 

Hanford fine sandy loam, — ^The amount of nitrogen fixed by the 
surface soil (table 36, and fig. 22b) averages much higher, 5.7 mg., 
than that in the San Joaquin sandy loam, though the range of varia- 
tion is about the same. It is noticeable that the amounts of nitrogen 
fixed by the B and C horizons of the soils nos. 14 and 19 are much 


28 All of the figures on nitrogen fixation refer to the milligrams of nitrogen 
fixed per gram of mannite in 50 grams of soil (table 33 and figs. 9-13). 
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less (even to denitrification) absolutely and relatively as compared 
with the surface horizons, than the amount fixed by the B and 0 
horizons of the soils nos. 20 to 25 inclusive. 

Comparing the nitrogen fixation of the various types, there seem 
to be no characteristic differences between the heavy Altamont and 
Diablo types, while the lighter Hanford and San Joaquin types arc 
considerably different from each other. As a whole there is but a fair 
degree of similarity between the samples of a given type. The degree 
of variation within types is large. 


Table 33 — Nitrogen Fixation 
Ihablo Clay Adobe 

Millipraras N per giam of mannite 




A 



B 



C 



r 


Inerease 

r - 


Increase 

r 


Increase 



Cheeks 

over 


Checks 

over 


Ch(*cks 

o\ er 

Sample 

Cultures 

average 

checks 

Cultures 

average 

checks 

Culture* 

* average 

checks 

1 

60.25 



31.52 



22.77 




63.40 

52.22 

9.60 

29.56 

34.67 

-4.13 

24.87 

28.61 

-4.79 

0 

55.34 



32.92 



30.47 




49.39 

45.88 

6.48 

38.18 

33.80 

1.75 

32 22 

29.77 

1.57 

5 

48.6S 



35.73 




No sampl 

e 


48.68 

41.92 

6.76 

37.12 

32.39 

4.03 




6 

45.88 



39.64 



35 02 




46.86 

58.19 

-12.12 

42.72 

50.77 

-9 59 

39.01 

39.05 

-2.03 

Average 


4.71 

* 


1.44 



0.52 


T\ble 34— Nitrogen Fixation 
Altamont Clay Loam 
Milligrams N fixed per gram of mannite 




A 



B 



C 


Sample 

( 

Cultures 

Checks 

average 

■"A 

Increase 

over 

checks 

r 

Cultures 

Checks 

average 

Tnciense 

over 

checks 

r 

Cultures 

Checks 

average 

A 

Im rease 
over 
checks 

3 

71.26 



49.04 



37.13 




70.40 

61.71 

9.12 

51 84 

43.78 

6.66 

3S.51 

33.76 

4.06 

4 

60.25 



28.02 



20.31 




52.19 

51.49 

4.73 

27.32 

26.48 

1.19 

21.01 

20.48 

0.18 

7 

52.95 



37.75 



30.81 




53.44 

52.12 

1.08 

37.40 

36.60 

1.00 

27.18 

29.94 

-0.94 

Average 


4.98 



2.95 



1.41 



23 


2 ^ 


19 20 


22 


Mg N. as NH» produced 

inimonifieation in the three horizons of the 
loam. 
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Tabwl 35-~Nitrogen Fixation 
San Joaquin Sandy Loam 


Milligrams N fixed per gram of mannite 




A 



B 



C 


Sample 

Cultures 

Checks 

average 

Increase 

over 

checks 

t 

Cultures 

Checks 

average 

Increase 

over 

checks 

t 

Cultures 

Checks 

average 

Increase 

over 

checks 

10 

25.01 



17.16 



15.83 




23.47 

18.73 

5.51 

16.67 

13.59 

3.32 

18.14 

10.33 

6.65 

11 

27.25 



22.91 



21.72 




31.87 

25.15 

4.41 

22.84 

21.78 

1.09 

22.00 

19.43 

2.43 

12 

25.85 



20.17 



18.98 




23.82 

23.26 

1.57 

17.09 

16.56 

2.07 

20.10 

20.41 

-0.87 

13 

22.77 



18.49 



13.31 




21.58 

20.00 

2.17 

17.86 

20.21 

-2.04 

14.50 

16.35 

-2.45 

17 

13.52 



9.46 




No sample 


13.45 



10.23 






18 

15.55 



8.76 



9.18 




13.24 

13.73 

0.66 

8.20 

8.09 

0.39 

11.42 

9.74 

0.56 

21 

14.85 



7.98 



6.58 




16.11 

14.50 

0.98 

6.44 

5.96 

1.25 

7.28 

7.01 

-0.07 

26 

19.54 



12.61 



7.14 




19,34 

20.34 

-0.94 

12.82 

13.34 

-0.72 

7.36 

8.24 

-0.99 

Average 


1.91 



1.09 



1.20 


Table 36— Nitrogen Fixation 
Hanford Fine Sandy Loam 


Milligrams N fixed per gram of mannite 




A 



B 



C 



r 

Checks 

Increase 

over 

r 

Checks 

Increase 

over 

r 

Checks 

Increase 

over 

Sample 

14 

Cultures 

71.52 

average 

checks 

Cultures 

41.61 

average 

checks 

Cultures 

31.10 

average 

checks 

15 

63.05 

38.18 

59.61 

7.67 

41.69 

22.07 

41.01 

0.64 

30.19 

12.40 

29.07 

1.57 

16 

29.56 

30.33 

26.55 

7.32 

21.09 

16.46 

20.12 

1.46 

14.08 

9.67 

13.87 

-0.63 

19 

32.92 

25.56 

27.84 

3.78 

16.04 

14.43 

14.85 

1.40 

8.97 

11.77 

10.61 

-1.29 

20 

26.41 

38.04 

22.49 

4.49 

13.59 

22.84 

12.29 

1.72 

12.33 

17.09 

11.80 

-0.25 

22 

38.11 

35.59 

29.66 

8.41 

23.61 

22.20 

16.39 

6.83 

20.6v) 

17.30 

11.52 

7.32 

23 

31.80 

38.95 

29.17 

4.52 

23.40 

19.19 

17.23 

5.57 

16.46 

11.90 

11.87 

5.01 

24 

43.57 

28.79 

36.10 

5.16 

20.25 

19.89 

14.57 

5.15 

11.98 

18.52 

8.90 

3.04 

25 

34.61 

26.55 

25.67 

6.03 

21.52 

17.86 

16.95 

3.75 

17.51 

15.55 

13.91 

4.11 

26.41 

Average 

22.70 

3.78 

5.69 

17.93 

15.51 

2.38 

3.21 

13.87 

11.31 

3.41 

2.27 
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Nitripicationso 

The most noticeable thing about the nitrification results is the 
very wide range of variation in the various representatives of the 
Hanford fine sandy loam as compared with the quite uniform and 
consistent results obtained with the other types. 

Diablo clay adobe , — The percentage of nitrogen nitrified (table 
37, 38, and fig. 23) is uniformly low. The B samples showed a less 
vigorous nitrifying flora (except in the ease of no. 6) than the sur- 
face ones. Dried blood in the quantities used stni'ms to depress the 



PorcentagPB of N NitriRpd 

Fifif. 23. Graph showing the percentages of nitrogen in various nitrogen 
containing materials nitrified in the four samples of the Diablo clay adobe. 


normal activity (A horizon average while the (Nil J ,S 04 

(A horizon average 3.03^^ ) and the cottonseed meal (A horizon 
average 2.91%), as compared with the incubated control tend to in- 
crease the percentage of nitrogen nitrified. It should be kept in mind 
that an absolute increase in the nitrogen content may accompany a 
decrease in the percentage, due to the greatly increased amount of 
nitrogen present after the addition of a nitrogenous substance. The 
variation of the samples within this type is very moderate as compared 
with the San eloaquin and Hanford types. 


28 The figure . used in the discussion shows the percentages of the nitrogen in 
the cultures which were nitrified. There are two tables for the samples of each 
type. The percentages of nitrogen nitrified are rearranged in a second table for 
greater ease in comparing results. 
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Altamont clay loam , — The percentages of nitrogen nitrified (tables 
39 and 40, fig. 24) are as a whole lower than in the Diablo soils. A 
similar relative effect of the several nitrogenous materials is seen, for 
(Nn 4 ) 2 S 04 is first, cottonseed meal, second, the soil^s own nitrogen 
third, and dried blood fourth in the percentages of nitrates prcKliiced. 
As in the Diablo soils the variation is not great from soil to soil. 

San Joaquin sandy loam . — A wide range of variation (tables 41, 
42, and fig. 25), from 1.2% to 4.5%, is found in the incubated control, 
possibly due, in part, to the considerable variations in tlie physical 
nature of tlie samples. The relative action of the nitrogenous ma- 


1 

/ 

/ 

/ 






m.J 


V S N + mH4)2S()4 
\ S \ +r(jtton'4(‘od Meal 
\ Soil \itiogpri 
\ S N -f Dried Blood 


3 4 7 Soils 

Percentageb of N Nitrified 

Fig. 24. (iraj)li showing the percentages of nitrogen in various nitrogen 
containing materials nitrified in the three sam]>les of the Altamont clay loam. 


tcrials in the soils of the San Joaquin samples as eompared with that 
in the Diablo and Altamont soils is well shown by the following aver- 
ages of the A horizon : dried bl<K>d had 0.02' < . (‘ottonseed meal had 
0.33'/ , and ammonium sulfate had 0.56^ of the nitrogen nitrified, 
while the incubated control had 2.47'/ nitrified. The soils are nonnally 
low in nitrogen, and this, together with th(' i)oor physical condition, 
made an unfavorable medium for any bacti'rial activity. This applies 
especially to horizons B and C. 

Hanford fine sandy loam.— This is by far the most inexplicable 
set of results in the nitrification studies (tables 43, 44, and fig. 26). 
The physical nature of this type is admirably suited for bacteriological 
tumbler cultures, the soil being friable, not puddling readily, and 
while in the incubator may be kept at the approximately optimum 
moisture content with little difficulty. This property is fairly eon- 
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stant throughout all the samples (except no. 14) and cannot well 
be supposed to affect the results greatly. No. 14 has a low nitrifying 
power throughout, but it is not representative of the type, for it is 
heavier in texture than the rest. Moreover, it had been submerged 
by river overflows shortly before the collection of the sample. One 
would expect these factors to influence the numbers and the activity 
of the bacterial flora. There is but little similarity in the way the 
different samples of the A or B horizons behave toward any given 



PercentaKes of N. Nitrified 

Fig, 25. Graph showing the percentages of nitrogen in various nitrogen 
containing materials nitrified in the eight samples of the San Joaquin sandy 
loam. 


nitrogen containing material. Variations from 1% to 50%, from 
0 % to 14%, from 4.5% to 8%, or from 15% to 15.5% from soil to 
soil, without regularity, give slight basis for generalizations. The 
average effect of the A horizon samples of the Hanford fine sandy 
loam as regards the several nitrogenous materials is as follows : dried 
blood, 5.62% ; cottonseed meal, 13.72% ; ammonium sulfate, 3.29% ; 
incubated control, 1.55%. In a general way there is a similarity 
between the effects of a given nitrogen containing material on the 
surface sample, and on the B horizon. This should be so, since these 
soils are very deep and uniform in texture. However, in the C 
horizon there were still greater decreases in the bacterial activity. 
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As regards nitrification in general there is diflSculty in showing 
any greater resemblance between the samples of a type than there is 
from type to type. In certain features, however, the types are some- 
what distinct: (1) The relation of the nitrification of the soil’s own 
nitrogen to the soil’s action upon added nitrogen is rather distinct 
for the types. The normal soil in the San Joaquin type gave a much 
larger per cent of nitrogen than did the soil plus the added nitrogen 
containing materials. In the Diablo type (fig. 25) the normal soil 
was about midway in its production as compared with the soils to 
which the nitrogenous materials were added. In the Hanford fine 
sandy loam the normal soils gave a much lower percentage nitrifica- 
tion than in the greater number of instances where the soils were 
treated with nitrogenous materials. (2) The relative nitrification of 
the various nitrogenous materials is somewhat distinct for the types. 
The Diablo, Altamont, and San Joaquin show the ammonium sulfate 
first, with the cottonseed meal second, and the dried blood third. The 
Hanford type shows cottonseed meal first, with dried blood second and 
ammonium sulfate third. 


Table 37 — Nitrification 


Diablo Clay Adobe 


Soil nitrogen and 
Soil nitrogen ammonium sulfate 



r 

H 


* 


' 



V 

V bb 


6 b<) 

S bo 



ft® 



ft® 

ftS 

S'? 

Sample 

11 

Total N 
in soil. 

E? 

2’i: 

2“ 

« ^ 

2^ 

Total N 
in soil 

o u 

2“ 

1-A 

0.90 

104.43 

0.86 

5.35 

146.82 

3.65 

1-B 

0.28 

93.34 

0.30 

0.77 

135.74 

0.57 

1-C 

0.19 

57.22 

0.33 

0.25 

99.62 

0.25 

2—A 

0.47 

91.76 

0.51 

3.47 

134.16 

2.58 

2-B 

0.33 

67.60 

0.49 

1.17 

110.00 

1.06 

2-C 

0.59 

59.54 


0.29 

101.94 


5-A 

0.47 

83.82 

0.56 

3.81 

126.22 

3.02 

5-B 

0.36 

64.78 

0.56 

0.42 

107.18 

0.39 

6-A 

0.59 

116.58 

0.51 

4.58 

158.98 

2.88 

6-B 

1.65 

101.54 

1.63 

3.00 

143.94 

2.08 

6-C 

0.96 

78.10 

1.23 

1.01 

120.50 

0.84 
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0.63 

5.00 

198.42 

2.50 

Tr. 

336.14 


Tr. 

187.34 


0.07 

300.02 

0.02 

0.16 

131.22 


4.07 

334.56 

1.22 

6.82 

185.76 

3.77 

0.08 

310.40 



0.19 

161.60 

0.12 

0.80 

302.34 


0.80 

153.54 


1.66 

326.62 

0.51 

3.76 

177.82 

2.12 

0.19 

307.58 

0.06 

0.97 

158.78 

0.61 

3.13 

359.38 

0.87 

6.88 

210.58 

3.26 

1.19 

344.34 

0.35 

4,55 

195.54 

2.32 

0.37 

320.90 

0.01 

0.47 

172.10 

0.27 
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Percentafiea of N. Nitrified 


Fig. 26. Graph showing the percentages of nitrogen in various nitrogen 
containing materials nitrified in tlie nine samples of the Hanford fine sandy 
loam. 
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Table 38-— Nitrification— Peecbntages of Nitrogen Nitrified 



Soil nltroi?en 

^ 

Diahlo Clay 

Soil nitrogen and 
ammonium sulfate 



Adobe 

Soil nitrogen 
and dried blood 

A 

Soil nitrogen 
cotton Heed meal 

Sample 

A 

B 

c' 

A 

B 

N 

c 

'a 

B C' 

A 

B 

C 

1 

0.86 

0.30 

0.33 

3.65 

0.57 

0.25 

0.63 

0.02 

2.50 



2 

0.51 

0.49 


2.58 

1.06 


1.22 


3.77 

0.12 


5 

0.56 

0.56 


3.02 

0.S9 


0.51 

0.06 • 

2.12 

0.61 


6 

0.51 

1.63 

1.23 

2.88 

2.08 

0.84 

0.87 

0.35 0.01 

3.26 

2.32 

0.27 

Average 

0.61 

0.74 

0.52 

3.03 

1.02 

0.36 

0.81 

0.10 0.01 

2.91 

0.76 

0.09 


Soil iiitrogeT) 


Table 39— Nitrification 
Altamont Clay Loam 


Soil nitroRen and 
ammonium Hulfate 


Soil nitroeon and 
dri(>d blood 


Soil nitrosen and 
cotton sood meal 



6 b(> 

S.B 

M • 

OJ fas 



£ u 

>s!iJ 

w 

6 

SbC 

'•.t- 

C' 

0 bt 







^6 


lu c 


c'g 

b s 
tac 


cf 


£ o 

Ti 

0 U 

S’® 

Is 


0 1. 

I-** 

ii'O 

Zrz 
— 0 

a » 



-% 

a * 

wS 

Sample 



5= 



"■ 


c 

H'" 





3-A 

0.60 

123.42 

0.49 

4.12 

165.82 

2.49 

1.17 

366.22 

0.32 

3.57 

217.42 

1.64 

3-B 

0.04 

87.56 

0.05 

0.39 

129.96 

0.32 

0.18 

330.36 


0.03 

181.56 


3-C 

0.27 

67.52 

0,40 

0.20 

109.92 

0.18 

0.10 

310.32 


0.10 

161.52 


4>A 

1.30 

102.58 

1.27 

2.95 

144.98 

2.05 

2.34 

345.38 

0.68 

4.83 

196.58 

2.46 

4-B 

0.45 

52.96 

0.85 


95.36 


0.10 

295.76 



146.96 


4^C 


40.96 



83.36 



283.76 


0.20 

134.96 

0.15 

7-A 

0.50 

104.24 

0.48 

1.35 

146.64 

0.93 

0.40 

.347.04 

0.12 

1.27 

198.24 

0.6+ 

7-B 

0.25 

73.20 

0.34 

0.32 

115.60 

0.28 


316.00 



167,20 


7-C 


' 59.88 



102.28 




302.68 



15.3,88 



Table 40— Nitrification— Percentages of Nitrogen Nitrified 
Altamont Clay Loam 



Soil nitrogen 

Sot! nitrogen and 
ammonium aulfate 

A 

Soil nitrogen 
and dried blood 

. .A . . _ 

Soi! nitrogen and 
cottonseed meal 

Sample 

' A 

B 

o' 

A 

B 

C ' 

A B C ' 

A B o' 

3 

0.49 

0.05 

0.40 

2.49 

0.32 

0,18 

0.32 

1.64 

4 

1.27 

0.85 


2.05 



0.68 

2.46 0.15 

7 

0.48 

0.34 


' 0.93 

0.28 


0.12 

0.64 

Average 

0.75 

0.41 

0.13 

1.82 

0.20 

0.06 

0.37 

1..58 ...... 0.05 
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Table 41— NiTRinoATiON 


San Joaquin Sandy Loam 

Soil nitrogen and Soil nitrogen and Soil nitrogen and 

Soil nitrogen ammonium sulfate dried blood cottonseed meal 

A 






r ^ 

— - 


r '■ ” 

-,r- -W...... 



f 

■ ■ 
















6 bs 

o 

It 

ai 

it 

U 

S bit 

Cl'S 

it 
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o’g 

p bo 

|a 

S bo 

^a 

Nitrogen, 
nitrified, % 
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Nitrate 

duced, 

o.S 

Zti 

^ • 

u 

is 

S'" 

Total N 
in soil 

l.-S 

It 

13 0 

o.S 

Eh 

i1 

Nitrate 

duced. 

Total N 
in soil. 

30-A 

0.52 

37.46 

1.4 

0.24 

122.26 

0.2 

0.06 

302.46 

0.02 

0.10 

121.46 

0.08 

10-B 

0.23 

27.18 

0.9 

0.08 

111.98 

0.07 


292.18 



111.18 


10-C 

0.07 

20.66 

0.3 

0.06 

105.46 

0.06 


285.66 


0.08 

104.66 

0.08 

ll-A 

1.25 

50.30 

2.5 

0.50 

135.10 

0.4 

0.27 

315.30 

0.09 

0.95 

134.30 

0.7 

11-B 


41.56 

.... 

0.02 

126.36 


0.08 

306.56 

0.03 

0.02 

125.56 


11-C 

0.14 

38.86 

0.4 

Tr. 

123.66 


Tr. 

303.86 


Tr. 

122.86 


12-A 

0.80 

46.52 

1.7 

0.55 

131.32 

0.4 

0.09 

311.52 

0.03 

2.05 

130.52 

1.6 

12-B 

0.18 

33.12 

0.5 

0.11 

117.92 

0.09 

Tr. 

298.12 


Tr. 

117.12 


12-C 

0.14 

40.82 

0.3 

0.06 

125.62 


0.06 

305.82 


0.06 

124.82 


]3-A 

0.49 

40.00 

1.2 

0.59 

124.80 

0.5 

0.07 

305.00 

0.02 

0.10 

124.00 

0.08 

13-B 

0.06 

40.41 


0.10 

125.21 

0.08 

0.21 

305.41 


0.69 

124.41 


13-C 

0.35 

32.70 

1.1 

0.25 

117.50 

0.2 

0.00 

297.70 


0.96 

116.70 


17- A 

0.54 

28.92 

1.9 

0.45 

113.72 

0.4 

Tr. 

293.92 



112.92 


37-B 


18.42 

.... 


103.22 


Tr. 

283.43 


0.08 

102.42 

0.08 
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27.46 
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112.26 

0.9 
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Tr. 
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.... 

Tr. 

100.98 


Tr. 
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Tr. 

100.18 


18-C 
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.... 

0.10 
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1.0 


284.48 



103.48 


21-A 

1.25 

29.00 

4.3 

1.30 

113.80 

1.1 

Tr. 

294.00 


0.13 

113.00 


21--B 
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.... 


96.72 



276.92 



95.92 


21-C 

0.01 

14.02 

.... 

0.01 

98.82 

0.01 

0.15 

279.02 


0.15 

98.02 


26-A 

0.95 

40.68 

2.3 

0.80 

125.48 

0.6 

Tr. 

305.68 


0.19 

124.68 

0.10 

26-B 

Tr. 

26.28 

.... 


111.48 


Tr. 

291.68 


Tr. 

110.68 


26-C 


16.48 

.... 


101.28 


Tr. 

281.48 



100.48 



Table 42 — Niteietcation — Percentages or Nitrogen Nitrified 
San Joaquin Sandy Loam 



Soil nitrogen 

Soil nitrogen and 
ammonium sulfate 

A 

Roil nitrogen 
and dried blood 

Soil nitrogen and 
cottonseed meal 

Sample 

A 

B 

0 

A 

B 


A B o' 

f 

A 

B 

0 

10 

1.4 

0.9 

0.3 

0.2 

0.07 

0.06 

0.02 

0.08 


O.OJ 

11 

2.5 


0.4 

0.4 




0.09 0.03 

0.7 



12 

1.7 

0.5 

0.3 

0.4 

0.09 


0.03 

1.6 



13 

1.2 


1.1 

0.5 

0.08 

0.20 

0.02 

0.08 



17 

1.9 


.... 

0.4 





0.08 


18 

4.5 


.... 

0.9 


1.00 





21 

4.3 


.... 

1.1 


0.01 


0.10 



26 

2.3 

.... 

.... 

0.6 




0.1 



Average 

2.47 0.17 05 

0.56 0.03 

0.18 

0.02 

0.33 

0.01 

0.01 
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Table 43— Niteipication 
Eanford line Sandy Loam 


Soil nitrogen and 
Soil nitrogen ammonium sulfate 



14-A 0.20 

119.22 

.... 

0.25 

161.62 

0.1 

14-B 0.45 

82.02 

.... 

0.42 

124.42 

.... 

14-C 0.07 

58.14 

0.1 

0.75 

100.54 

0.7 

15~A 1.45 

53.10 

2.7 

3.20 

95.50 

3.4 

15~B 0.18 

40.24 

0.4 

0.19 

82.64 

0.2 

15-C 0.03 

27.74 

0.1 

0.01 

70.14 

.... 

16-A 0.87 

55.68 

1.6 

2.50 

98.08 

2.5 

16-B 0.11 

29.70 

0.4 

0,08 

72.10 

0.1 

16~C 0.03 

21.22 

0.1 

Tr. 

63.62 

.... 

19-A 1.00 

44.98 

2.2 

2.03 

87.38 

2.3 

19-B 0.08 

24.58 

0,3 

0.12 

66.98 

0.2 

19-C 0.16 

23.60 

0.7 

0.15 

66.00 

0.2 

20~A 0.77 

59.32 

1.3 

1.24 

101.72 

1.2 

20-B 0.12 

32.78 

0.4 

0.11 

75.18 

0.1 

20-C 

23.04 



63.44 

.... 

22-A 0.83 

58.34 

1.4 

6.48 

100.74 

6.4 

22-B 0.27 

34.46 

0.8 

0.26 

76.86 

0.3 

22~C 0.85 

23.74 

3.6 

5.40 

66.14 

8.2 

23-A 1.43 

72.20 

2.0 

8.95 

114.6 

7.8 

23-B 0.75 

29.14 

2.6 

8.90 

71.54 

12.5 

23~C 0.32 

17.80 

1.8 

12.40 

60.20 

20.6 

24~A 0.80 

51.34 

1.6 

4.10 

93.74 

4.4 

24~B 0.03 

33.90 

0.1 

0.36 

76.30 

0.5 

24-C 0.33 

27.82 

1.1 

0.33 

70.22 

0.5 

2r)-A 0.56 

45.40 

1.2 

1.30 

87.80 

1.3 

23-B 0.32 

31.01 

1.0 

0.32 

73.41 

0.4 

25-0 0.11 

22.62 

0.5 

0.16 

65.02 

0.2 


Soil nitrogen and 

Soil nitrogen and 

dried blood 

A 
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11 
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Sis 
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2“ 




10.35 

254.22 

4f.l 

1.85 

166.22 

1.1 

0.23 

217.02 

.... 

0.48 

129.02 


0.15 

193.14 

0.1 

0.10 

105.14 

0.1 

0.40 

188.10 

0.2 

50.85 

100.10 

50.8 

Tr. 

175.24 

.... 

1.42 

87.24 

1.6 

Tr. 

162.74 

.... 

0.03 

74.74 

.... 

0.50 

190.68 

0.2 

4.60 

102.68 

4.5 

Tr. 

164.70 

.... 

3.70 

76.70 

4.8 

0.05 

156.22 

.... 

0.17 

68.22 

0.2 

0.21 

179.98 

0.1 

7.48 

91.98 

8.1 


159.38 

.... 

0.20 

71.58 

0.3 

Tr. 

158.60 

.... 

0.20 

70.60 

0.3 

27.39 

194.32 

14.1 

6.19 

104.32 

5.9 

15.50 

167.78 

9.2 

1.45 

77.78 

1.9 


158.04 

.... 

0.07 

68.04 

0.1 

2.68 

193.34 

1.4 

13.58 

.103.34 

13.1 

0.04 

169.46 

0.02 

1.91 

79.46 

2.4 

0.52 

158.74 

0.3 

2.50 

68.74 

3.6 

37.25 

207.20 

17.9 

18.25 

117.20 

15.5 

0.47 

164.14 

0.3 

2.65 

74.14 

3.6 

0.02 

152.80 

0.01 

1.30 

62.80 

2.1 

22.35 

186.34 

11.9 

14.35 

96.34 

14.9 

0.46 

168.90 

0.3 

5.91 

78.90 

7.5 

0.63 

162.82 

0.4 

0.73 

72.82 

1.0 

1.30 

180.40 

0.7 

8.65 

90.40 

9.6 

Tr. 

166.01 

.... 

0.05 

76.01 

0.06 

Tr. 

157.62 


Tr. 

67.62 



Table 44— Nitrification — Percentages op Nitrogen Nitrified 



Soil nitrogen 

Hanford Fine Sandy Loam 

Soil nitrogen and Soil nitrogen 

ammonium sulfate and dried blood 

A A 

Soil nitrogen and 
cottonseed meal 

Sample 

f 

A 

B 


A 

B 


r 

A 

B 

C 

A 

B 

C 

14 

.... 

.... 

0.1 

0.1 

.... 

0.7 

4.1 

.... 

0.1 

1.1 

.... 

0.1 

15 

2.7 

0.4 

0.1 

3.4 

0.2 

.... 

0.2 


.... 

4.5 

4.8 

0.2 

16 

1.6 

0.4 

0.1 

2.5 

0.1 

.... 

0.2 


.... 

4.5 

4.8 

0.2 

19 

2.2 

0.3 

0.7 

2.3 

0.2 

0.2 

0.1 


.... 

8.1 

0.3 

0.3 

20 

1.3 

0.4 

.... 

1.2 

0.1 ' 

.... 

14.1 

9.2 

.... 

5.9 

1.9 

0.1 

22 

1.4 

0.8 

3,6 

6.4 

0.3 

8.2 

1.4 

0.02 

0.3 

13.1 

2.4 

3.6 

23 

2.0 

2.6 

1.8 

7.8 

12.5 

20.6 

17.9 

0.3 

0.01 

15.5 

3.6 

2.1 

24 

1.6 

0,1 

1.1 

4.4 

0.5 

0.5 

11.9 

0.3 

0.4 

14.9 

7.5 

1.0 

25 

1.2 

1.0 

0.5 

1.5 

0.4 

0.2 

0.7 


.... 

9.6 

0.06 

.... 

Average 

1.55 

0.66 

0.88 

3.29 

1.59 

3.38 

5.62 

1.09 

0.09 

13.72 

2.55 

0.82 
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Greenhouse Data 

There are objeetions to all greenhouse work due to somewhat un- 
natural ‘conditions for the usual indicator crops, the lack of a normal 
water supply, the small amount of root space, etc. Crowding of the 
pots is also apt to cause variations. Even the slight change in the loca- 
tion of a pot on the bench will affect the growth of plants, as some of 
the elaborate precautions for moving the pots daily, and in a given 
order, testify. The outstanding advantage of greenhouse work is that 
with a given indicator crop a group of soils, or soil conditions, may be 
compared under very similar conditions. 

In the present case, the leaks in the sash allowed rain water to fall 
into some of the pots to a considerable extent. The pots so aifected 
showed a poorer growth in the cases of the heavy Altamont and 
Diablo samples, where the soil wa.s readily compacted, while in the 
poor Hanford and San Joaquin soils the pots receiving lealaige water 
showed markedly better growth. 

To minimize such errors, as much as possible, triplicates were 
used, as above explained, besides r<*peating the series. In working 
out the final averages of the crop it w’as suggested that a selection be 
made of the crop dry weights, in case that there was a marked varia- 
tion between the triplicates, using the tw^o weights close together, and 
excluding the third if it were widely divergent. However, when one 
begins to select certain figures from a series, and bases comparisons 
upon these alone, there is apt to be the tendency to select those figures 
that will prove the point in question, unless there is some known dis- 
turbing factor causing the divergence and which warrants the exclu- 
sion of certain figures. 

Other cas(‘s that are rather hard to deal with are those in which 
the number of plants reaching maturity w^as not up to the standard to 
which the series was thinned when the plants were young. This fail- 
ure may have been due to poor germination, or to accidental destruc- 
tion of the plants during growth. Sometimes less than the standard 
number of plants will give a much greater dry weight per plant than 
the normal number. It was not d(*emed advisable to use the weight 
per plant, but rather to use the total dry weight of the crop, and only 
consider of value the series in which the number of plants per pot 
was practically constant. 

In the greenhouse work the Diablo clay adobe, the Altamont clay 
loam, and the Hanford fine sandy loam samples were compared by 
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two croppings, while one crop was frown on the San Joaquin sandy 
loam soils. The infertility of the San Joaquin soils, in some cases 
extreme, greatly retarded crop growth. 

Diahlo clay adobe. First crop , — Due to the presence of wild oat 
seed in all the four samples of this soil, and the inability to distin- 
guish the young wild oat plants from the planted oats, wheat, or 
barley when thinning, the value of the results of the grain crops in 
this series is much decreased. The averages plotted include the total 



Fig, 27. Graph showing the total dry matter produced by wheat, barley, 
oats, Phaseolus, bur clover, and oats and bur clover on the four samples of 
Diablo clay adobe. First crop. 


crop, whether pure or with a greater or less quantity of the wild oats, 
though the number of plants harvested was usually six or less. 
Planting the oats and bur clover together was not a success. In three 
of the soils the crop of bur clover alone was greater than that of the 
six bur clover plants plus the six oat plants. Plate 44 shows how, in 
some cases, the oats dominated, and in others the bur clover was 
superior. On the soils of this type bur clover was the most satisfactory 
crop, while the white beans were the most unsatisfactory of all. 

Comparing the total crops (see fig. 27 and tables 45-50), it will 
be seen that 1, 5, 2, 6 is the order for bur clover, soil no. 1 giving the 
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best crop and soil no. 6 the poorest, while nos. 5, 1, 2, 6 is the order 
for barley and wheat. Oats show nearly double the crop on soil 5 
that it does on any of the other three soils. There is thus a general 
agreement between the indicators that the soils are not of the same 
productivity. 


Table 45 — Diablo Clay Adobe, First Crop 
Wheat 


Planted, November 6, 1915, 
Straw 

No. Average 

Pot plants Weight weight 


Harvested, July 10, 1916 


1-1 

Wheat 2 

3.65 


Oats 4 

2.15 

1-2 

Wheat 0 



Oats 6 

4.05 

1-3 

Wheat 1 

1.83 


Oats 5 

5.20 

2—1 

Wheat 5 

5.33 


Oats 1 

0.43 

2-2 

Wheat 4 

3.53 


Oats 2 

0.69 

2-3 

Wheat 3 

2.55 


Oats 3 

1.39 

5-1 

Wheat 2 

4.33 


Oats 4 

1.56 

5-2 

Wheat 3 

7.28 


Oats 2 

3.23 

5-3 

Wheat 3 

7.09 


Oats 2 

0.64 

6-1 

Wheat 2 

2.19 


Oats 4 

1.03 

6-2 

Wheat 0 



Oats 5 

1.72 

6-3 

Wheat 2 

2.31 


Oats 4 

2.51 


Grain 

Average 
Weight weight 

0.25 

0.69 


2.47 


5.62 1.64 1.68 

0,05 


0.03 

0.04 


4.63 0.49 0.21 

0.90 

0.42 

1.81 

1.02 

0.48 

8.04 0.47 1.70 


3.25 0.70 0.17 


Total dry matter 
Average 

Weight weight Notes 

6.74 

6.51 

8.66 7.30 

5.81 

4.31 

4.43 0.84 

7.21 

13.44 

8.68 9.74 

3.22 

1.72 

5.53 3.49 
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Table 46— Diablo Clay Adobe, First Crop 
Barley 


Planted, NoTember 6, 1915. Harvested, April 28, 1916 


S yaw 


Pot 

No. 

plants 

/ ^ 

Weight 

Average 

weight 

1-1 

6 

5.19 


1-2 

Barley 5 
Oats 1 

4.79 


1-3 

Barley 4 
Oats 2 

5.75 

5.24 

2-1 

6 

5.12 


2-2 

6 

4.87 


2-3 

Barley 5 

2.78 



Oats 1 

0.69 

4.49 

5-1 

6 

6.59 


5-2 

Barley 5 
Oats 1 

2.56 


5-3 

Barley 5 
Oats 1 

8.43 

5.86 

6-1 

6 

4.62 


6-2 

6 

4.36 


6-3 

Barley 5 
Oats 1 

3.49 

4.16 


Grain Total dry matter 


Weight 

Average 

weight 

Weight 

Average 

weight 

1.06 


6.25 


0.75 


5.54 


1.34 




0.98 

1.38 

8.07 

6.62 

1.05 


6.17 


1.71 


6.58 


0.49 




0.23 

1.16 

4.19 

5.65 

2.12 


8.70 


3.01 




0.25 


3.25 


3.01 




0,04 

1.95 

11.48 

7.81 

1.26 


5.88 


1.25 


5.61 


0.33 




0.24 

1.02 

4.06 

5.18 


Table 47— Diablo Clay Adobe, First Crop . 
Oats 

Planted, November 6, 1915. Harvested, May 8, 1916 




Straw 

A. - 

Grain 

A 

Total dry matter 

A 

Pot 

No. 

plants 

r ' ' -V 

Average 
Weight weight 

f 

Weight 

N 

Average 

weight 

r 

Weight 

^ 

Average 

weight 

1-1 

6 

4.11 

1.24 


5.35 


1-2 

6 

6.56 

2.59 


9.15 


1-3 

6 

4.76 5.14 

1.34 

1.72 

6.10 

6.86 

2-1 

6 

4.36 

1.10 


5.46 


2-2 

6 

total only 

total 

only 

6.92 


2-3 

6 

6.66 5.51 

2.06 

1.58 

8.72 

7.03 

5-1 

7 

7.55 

2.59 


10.15 


5-2 

6 

10.66 

4.38 


15.04 


5-3 

6 

10.10 

3.12 


13.22 


6-1 

6 

4.70 

1.48 


6.18 


6-2 

6 

6.81 

1.42 


8.22 


6-3 

6 

6.78 

1.09 


7.88 



Notea 


Notes 


One barley plant 



486 


University of California Publications in Agricultural Sciences [Vol* 8 


Table 48 — ^Diablo Clay Adobe, Fiest Crop 
Bxtr Clover 

Planted, November 6, 1915. Harvested, May 8, 1916 




Straw 

A 

Grain 

K 

Total dry 

matter 

Pot 

No. 

plants 

t 

Weight 

Average 

weight 

t 

Weight 

Average' 

weight 

r 

Weight 

Average 

weight 

1-1 

5 

11.01 


15.13 


26.32 


1-2 

4 

9.07 


14.15 


23.22 


1-3 

6 

12.18 

10.75 

13.02 

14.16 

25.20 

24.91 

2-1 

6 

8.26 


9.89 


18.3 6 


2-2 

5 

7.45 


8.93 


16.39 


2-3 

6 

7.97 

7.89 

8.02 

8.98 

15.99 

16.84 

5-1 

7 

11.14 


12.33 


23.48 


5-2 

8 

10.67 


13.05 


23.72 


5-3 

7 

10.55 

10.79 

9.76 

11.71 

20.31 

22.50 

6-1 

6 

7.96 


8.73 


16.69 


6-2 

6 

8.26 


9.76 


18.02 


6-3 

6 

6.87 

7.69 

6.04 

8.38 

12.91 

15.87 


Table 49 — Diablo Clay Adobe, First Crop 
Oats and Bur Clover 


Planted, November 6, 1915. Harvested, May 8, 1916 


Grain Total dry matter 


No. 

Pot plants 
1-1 Clover 3 
Oats 6 
1-2 Clover 6 
Oats 6 

1- 3 Clover 6' 

Oats 6 

2- 1 Clover 6 

Oats 6 
2-2 Clover 6 
Oats 6 
2-3 Clover 6 
Oats 6 

5-1 Clover 6 
Oats 6 
5-2 Clover 5 
Oats 6 

5- 3 Clover 5 

Oats 6 

6- 3 Clover 6 

Oats e 
6-2 Clover 6 
Oats 6 
6-3 Clover 6 
Oats 5 


Straw 

A 

Average 
Weight weight 

10.37 

2.38 

8.19 
3.48 

33.53 

2.65 13.53 

2.13 

5.77 

4.24 

4.56 

3.43 

3.20 7.75 

10.88 

2.45 
10.52 

2.19 

8.31 

3.45 12.60 

8.90 

3.10 

9.01 

2.09 

6.51 

2.33 10.65 


Average 
Weight weight 

13.93 

0.14 

9,28 

0.70 

9.81 

0.27 10.71 

2.57 

1.81 
4.62 
1.26 
4.51 

0.46 5.08 

9.78 

0.27 

9.32 

0.51 

8,36 

0.66 9.63 

9.56 

0.35 

5.82 

0.52 

30.45 

0.47 9.06 


Average 
Weight weight 

22.30 
2.52 

17.47 

4.16 

23.34 

2.92 24.24 

4.70 
7.58 
8.87 
5.82 
7.94 

3.66 12.85 

20.66 

2.71 
19.84 

2.79 
16.66 

4.30 22.26 

18.46 
3.45 
14.83 
2.61 
16.97 

2.80 


Notes 


Notes 


19.71 
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Table 50 — ^Diablo Clay Aik)be, Fiest Crop 
Phaseolua vulgaris 

Planted^ April 4, 1916. Harvested, October 7, 1916 
Straw Grain Total dry matter 

No. Average Average Average 


Pot 

plants 

Weight 

weight 

Weight 

weight 

Weight 

weight Notes 

1-1 

8 

2.05 


0,58 


2.63 

Growth poor and 

1-2 

1 

0.94 


0.87 


1.81 

slow through- 

1-3 

12 

2.86 

1.95 

1.37 

0.94 

4.23 

2.89 out 

2-1 

3 

0.53 


0.21 


0.74 


2-2 

10 

0.83 




0.83 


2-3 

17 

1.26 

0.87 

0.11 

0.10 

1.37 

0.98 

5-1 

3 

0.53 


0.40 


0.93 


5-2 

2 

0.46 


0.41 


0.87 


5-3 

.... 


0.33 


0.27 


0.60 

6-1 

2 

0.22 




0.22 


6-2 

.... 







6-3 

1 

0.23 

0.15 



0.23 

0.15 


Diablo clay adobe. Second crop . — The crops used in this plant- 
ing were milo (two series, one following oats and bur clover, and the 
other following oats alone), eowpeas, millet, and soy beans. The 
crop was thinned as follows: milo to eight plants, millet to twelve, 
soy beans to six, and eowpeas to six. The total dry weight (tables 
51-55) of the largest leguminous crop in this planting is about one- 
third of that of the bur clover in the firat planting; though the grains 
are proportionately not nearly so much less than in the first crop. 
Soil no. 2 has the least pronounced adobe structure, but was the most 
easily puddled. The plants in one of the pots of soy beans of soil 
no. 2 were entirely killed by too much water. 

Comparing the relative growth on the soils, the notes made while 
the crops were growing coincide very closely with the dry weights. 
As to the relative crop production (fig. 28), it can be said that soils 
nos. 1 and 5 produced larger crops than soils nos. 2 and 6. Thus the 
second crop results substantiate those of the first crop. 
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Fig. 28. Graph showing the total dry matter produced by milo (two 
series), millet, soy beans, and cowpeas on the four samples of Diablo clay 
adobe. Second crop. 



Soils 

Fig. 29. Graph showing the total dry matter produced by wheat, barley, 
oats, bur clover, Phaseolus, and oats and bur clover on the three samples of 
Altamont clay loam. First crop. 



Fig. 30. Graph showing the total dry matter produced by milo (two series), 
cowpeas (two series), and soy beans (two series) on the three samples of 
Altamont clay loam. Second crop. 
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Table 51— Diablo Clay Adobe, Second Crop 
Milo A (following oats) 

Planted, June 3, 1916. Harvested, November 16, 1916 




Straw 

A 

Grain 

A. 

Total dr^ matter 


Pot 

No. 

plants 

r 

Weight 

Average 

weight 

Average 
Weight weight 

f 

Weight 

Average 

weight 

Notes 

1-1 

8 

4.87 



4.87 


Excluded from 

1-2 

8 

10.00 



10.00 


average 

1-3 

7 

4.50 

4.68 


4.50 

4.68 


2-1 

8 

2,59 



2.59 



2-2 

8 

3.73 



3.73 



2-3 

8 

2.92 

3.08 


2.92 

3.08 


5-1 

8 

4.03 



4.03 



5-2 

6 

5.13 



.5.13 



5-3 

7 

8.44 



8.44 



6-1 

9 

3.49 



3.49 



6-2 

8 

3.08 



3.08 



6-3 

8 

2.98 

3.18 


2.98 

3.18 



Table 52 — Diablo Clay Adobe, Second Crop 
Milo B (following oats and bur clover) 
Planted, June 3, 1916. Harvested, November 16, 1916 


Straw Grain Total dry matter 

A. A ^ A. ^ 

No. Average Average Average 

Pot plants Weight weight Weight weight Weight weight Notes 

1-1 8 6.41 ...... 6.41 

1-2 8 8.78 ...... 8.78 

1- 3 8 6.21 7.14 6.21 7.14 

2- 1 8 3.»2 3.92 

2-2 8 4.52 ...... 4.52 

2-3 8 3.63 4.02 3.63 4.02 

6-1 8 10.34 ...... 10.34 

5-2 8 6.17 ...... 6.17 

5- 3 8 5.20 7.24 5.20 7.24 

6- 1 8 9.29 — 9.29 

6-2 8 3.70 3.70 

6-3 8 4.09 5.69 4.09 5.69 
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Tabue 53— Dublo CiJiT Aoobx, Sboono Cbop 
Millet (following bur clover) 

Planted, June 3, 1916. Harvested, October 6, 1917 


* 


Straw 



Grain 

A 

Total dry matter 

A 

Pot 

No. 

plants 

r 

Weight 

Average 

weight 

Weight 

Average^ 

weight 

r 

Weight 

Average 

weight 

1-1 

12 

1.52 


1.44 


2.96 


1-2 

11 

1.34 


0.90 


2.24 


1-3 

11 

2.03 

1.63 

1.15 

1.16 

3.18 

2.79 

2-1 

i2 

1.26 


1.29 


2.55 


2-2 

11 

1.49 


l.s32 


2.80 


2-3 

12 

0.93 

1.23 

0.88 

1.16 

1.80 

2.39 

5-1 

10 

2.26 


2.19 


4.45 


5-2 

12 

3.35 


3.36 


6.71 


5-3 

12 

2.02 

2.54 

1.51 

2.35 

3.53 

4.90 

6-1 

11 

1.19 


0.99 


2.18 


6-2 

12 

1.59 


1.23 


2.82 . 


6-3 

13 

1.26 

1.35 

1.04 

1.09 

2.29 

2.43 


Notes 


Table 54 — Diablo Clay Adobe, Second Crop 
CowPEAS (following wheat) 

Planted, August 10, 1916. Harvested, November 16, 1916 


Straw Grain Total dry matter 

^ A ^ ^ A A 

No. Average Average Average 

Pot plants Weight weight Weight weight Weight weight Notes 

1-1 7 2.66 2.66 

1-2 7 5.30 ...... 5..30 

1- 3 7 3.73 3.89 3.73 3.89 

2- 1 6 2.57 2.57 

2-2 6 4.24 4.24 

2-3 6 2.86 3.22 2.86 3.22 

5-1 6 2.74 2.74 

5-2 6 4.30 4.30 

5- 3 6 3.64 3.56 3.64 3.56 

6- 1 6 3.28 3.28 

5-2 7 4.10 4.10 

5-3 6 3.41 3.60 3.41 8.60 
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Table 55 — ^Diablo Clay Adobe, Second Crop 
Soy Beans (following barley) 

Planted, June 6, 1916. Harvested, November 14, 1916 
Straw Grain Total dry matter 

-A A > 


Pot 

No. 

plants 

f 

Weight 

Average 

weight 

/ 

Weight 

Average ' ' 
weight Weight 

Average 

weight 

Notes • 

1-1 

6 

8.48 


0.29 


8.77 



1-2 

6 

8.58 


0.06 


8.64 



1-3 

6 

6.87 

7.98 

0.41 

0.25 

7.28 

8.23 


2-1 

6 

2.12 


. 


2.12 


Excluded from 

2-2 

4 

3.62 


0.40 


4.02 


average 

2-3 

5 

6.07 

4.84 

0.38 

0.39 

6.45 

5.23 


5-1 

6 

5.84 


0.16 


6.00 



5-2 

6 

7.96 


0.64 


8.60 



5-3 

6 

6.47 

6.76 

0.69 

0.49 

7.16 

7.25 


6-1 

6 

7.61 


0.24 


7.85 



6-2 

6 

7,99 


0.45 


8.43 



6-3 

6 

7.26 

7.62 

0.17 

0.28 

7.43 

7.90 



Altnniovt clay loam. First crop . — The crops planted in this soil 
were wheat, barley, oats, bur clover, Phaseoliis, and oats and bur 
clover together. The standard number to which the plants were 
thinned was six, except in the oats and bur clover series, where three 
plants of each were allowed to remain. 

With regard to the comparative crop producing power of these 
soils under these conditions, soil no. 4 is the best, with soil no. 3 as 
the second, and soil no. 7 was the poorest (tables 56-60, fig. 29). The 
dry weight data decidedly corroborate the impression given by the 
greenhouse appearance of the crops. However, as all the crops were 
so small on all the series, the figures do not show as much as they 
might have shown had the growth been more nearly optimum for the 
several crops. 


Tabie 56 — Altamont Clay Loam, First Crop 
Wheat 




Planted, 

February 25, 1916. Harvested, July 10, 1916 



Straw 

Grain 

Total dry matter 

Pot 

No. 

plants 

Weight 

Average 

weight 

Weight 

Average 

weight 

Weight 

Average 

weight Notes 

3-1 

6 

2.62 


1.23 


3.85 


3-2 

6 

2.93 


1,09 


3.92 


3-3 

6 

2.86 

2.80 

1.04 

1.12 

3.91 

3.92 

4-1 

6 

4.20 


1.78 


5.97 


4-2 

6 

4.03 


1.22 


5.25 


4-3 

6 

6.20 

4.81 

1.13 

1.38 

7.34 

6.19 

7-1 

6 

2.64 


1.11 


3.76 


7-2 

6 

2.58 


0.99 


3.64 


7-3 

6 

2.90 

2.71 

0.71 

0.93 

3.61 

3.64 
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Table 57 — Altamont Clay Loam, Fiest Ceop 
Barley 

Planted, April 4, 1916. Harvested, July 11, 1916 




Straw 

Grain 

Total dry matter 


Pot 

No. 

plants 

Weight 

Average 

weight 

Weight 

Average' 

weight 

Weight 

Average 

weight 

Notes 

3~1 


1.10 


0.76 


1.86 



3—2 


1.45 


1.40 


2.85 



3-3 


1.39 

1.31 

1.18 

1.11 

2.57 

2.43 


4-1 


1.99 


1.43 


3.42 



4-2 


1.90 


1.57 


3.47 



4-3 


2.39 

2.09 

1.85 

1.62 

4.25 

3.71 


7-1 


0.98 


0.90 


1.88 



7-3 


1.06 

1.00 

0.59 

0.71 

1.64 

1.71 



Table 58 — Altamont Clay Loam, First Crop 
Oats 

Planted, February 25, 1916. Harvested July 11, 1916 




Straw 

A 

Grain 

A 

Total dr;^ matter 


Pot 

3-1 

No. 

plants 

6 

f 

Weigljt 

1.36 

Average 

weight 

t 

Weight 

0.38 

Average 

weight 

/ 

Weight 

1.74 

Average 

weight 

Notes 

3-2 

6 

1.60 


0.67 


2.27 



3-3 

6 

1.70 

1.55 

0.47 

0.51 

2.17 

2.06 


4-1 

6 

3.05 


1.42 


4.47 



4-2 

4 

2.62 


1.13 


3.76 



4-3 

4 

3.46 

3.04 

1,81 

1.45 

5.27 

4.50 


7-1 

6 

1.21 


0.29 


1.51 



7-2 

6 

1.00 


0.42 


1.42 



7-3 

6 

0.88 

1.03 

0.35 

0.35 

1.23 

1.38 



Table 58 — Altamont Clay Loam, First Crop 
Bur Clover 

Planted, February 25, 1916. Harvested, July 8, 1916 




Straw 

A 

Grain 

A 

Total dry matter 




Pot 

No. 

f 

Weight 

Average 

t 

Average' 

t 

Average 


plants 

weight 

Weight 

weight 

Weight 

weight 

Notes 

3—1 

6 

1.50 


1.03 


2.53 



3-2 

6 

0.88 


1.17 


2.18 



3-3 

6 

0.63 

1.00 

1.34 

1.18 

1.96 

• 

2.18 


4-1 

6 

2.48 


1.47 


3.95 



4-2 

6 

2.57 


1.57 


4,14 



4-3 

4 

2.50 

2.52 

1.31 

1.45 

3.81 

3.97 


7-1 

6 

0.47 


0.66 


1.13 



7-2 

6 

0.53 


0.24 


0.78 



7-3 

6 

0.37 

0.46 

0.20 

0.36 

0.57 

0.82 
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Tablb 59 — Altamont Clay Loam, I^irst Crop 
Oats and Bur Clover 


Planted, April 14, 1916. Harvested, July 8, 1916 




straw 

X 

Grain 

A 

Total matter 


Pot 

No. 

plants 

f 

Weight 

Average ^ 
weight Weight 

Average 
weight Weight 

Average 

weight 

Notes 

3-1 

B.C. 3 

0.98 


1.25 


2.23 




Oats 3 

0.77 


0.10 


0.88 



3-2 

B.C. 4 

0.79 


1.17 


1.96 




Oats 4 

0.68 


0.22 


0.90 



3-3 

B.C. 4 

0.48 


0.91 


1.38 




Oats 4 

0.78 

^1.49 

0.30 

1.32 

1.07 

2.81 


4-1 

B.C. 3 

0.67 


0.32 


0.99 




Oats 3 

2.42 


1.75 


4.17 



4-2 

B.C. 3 

0.40 


0.62 


1.01 




Oats 3 

2.63 


1.38 


4.01 



4-3 

B.C. 3 

0.51 


0.21 


0.72 




Oats 3 

2.77 

3.14 

1.09 

1.78 

3.86 

4.92 


7-1 

B.C. 3 

0.20 


0.27 


0.47 




Oats 3 

0.86 


0.74 


1.60 



7-2 

B.C. 3 

0.28 


0.22 


0.50 




Oats 3 

1.27 


0.95 


2.22 



7-3 

B.C. 4 

0.42 


0.37 


0.74 




Oats 2 

0.64 

1.22 

0.44 

0.98 

1.08 

2.20 



Table 60 — Altamont Clay Loam, First Crop 
Beans {Phaseolus) 

Planted, February 25, 1916. Harvested, July 11, 1916 



Altamont clay loam. Second crop . — slightly different scheme 
was used in the planting of this series, only three crops were used, 
i.e., soy beans, cowpeas, and milo. Two sets of pots were planted to 
each crop, one of the two sets having previously been planted to a 
legume, and the other to a non-legume. The milo was thinned so that 
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one pot of each triplicate set would have 8 plants, the second of the 
set 12 plants, and the last 16 plants. It was found that the wide 
variation in the number of plants had but little effect upon the dry 
weight produced per pot (tables 61-66). The effect was indeed so 
slight that the totals were averaged up as usual. Figure 30 shows 
distinctly that there was very little variation as regards total produc- 
tion among these soils, so little as not to warrant any conclusions as 
regards substantiation of, or disagreement with, the first crop. It 
will be noticed in the second crop of the Diablo series, as well as in 
that of the Altamont series, that the maintenance of the soils under 
the same conditions for a year or more seems to bring them quite 
rapidly to an average crop producing power. 

Table 61 — Altamont Clay Loam, Second Cbop 
Milo A (following wheat) 

Planted, August 10, 1916. Harvested, November 17, 1916 
Straw Grain Total dry matter 

No. Average Average Average 

Pot plants Weight weight Weight weight Weight weight Notes 


3-1 

8 

0.77 


0.77 


3-2 

32 

1.01 


3.01 


3-3 

16 

0.97 

0.92 

0.97 

0.92 

4-1 

8 

1.22 


1.22 ^ 


4-2 

12 

2.32 


2.32 


4-3 

36 

2.08 

1.87 

2.08 

1.87 

7-1 

8 

0.59 


0.59 


7-2 

32 

0.99 


3.29 


7-3 

16 

3.29 

0.95 

1.29 

0.95 


Table 62 — Altamont Clay Loam, Second Crop 
Milo B 

Planted, August 10, 1916. Harvested, November 15, 1916 
Straw Grain Total dry matter 

^ A ^ K ^ K 

No. Average Average Average 

Pot plants Weight weight Weight weight Weight weight Notes 


3-1 

8 

0.82 


0.82 


3-2 

32 

1.33 


1.33 


3-3 

16 

1.15 

1.03 

1.15 

1.03 

4-3 

8 

1.2$ 


1.28 


4 r -2 

12 

3.82 


1.82 


4-3 

16 

3.45 

1.52 

1.45 

1.52 

7-1 

8 

0.66 


0.66 


7-2 

12 

0.96 


0.96 


7-3 

16 

0.92 

0.85 

0.92 

0.85 
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Table 63 — ^Altamont Olay Loam^ Second Crop 
C owPEAS A (following barley) 

Planted, August 10, 1916. Harvested, November 17, 1916 


Straw Grain Total dry matter 

^ X ^ ^ A ^ ^ ^ 

No. Average Average Average 

Pot plants Weight weight Weight weight Weight weight Notes 

3-1 6 3.48 ...... 3.48 

3-2 6 4.50 4.50 

3- 3 6 3.00 3.66 3.00 3.66 

4- 1 6 2,44 2.44 

4-2 6 2.59 2.59 

4-3 6 3.40 2.81 3.40 2.81 

7-1 6 2.64 2.64 

7-2 6 1.93 ...... 1.93 

7-3 6 2.15 2.24 2.15 2.24 


Table 64 — Altamont Clay Loam, Second Crop 
CowpEAS B (following oats and bur clover) 
Planted, August 10, 1916. Harvested, November 14, 1916 


Straw Grain Total drv matter 

A K A 

^ r y r a 

No. Average Average Average 

Pot plants Weight weight Weight weight Weight weight Notes 

3-1 6 4,16 4.16 

3-2 6 3.63 3.63 

3- 2 6 2.77 3.52 2.77 3.52 

4- 1 6 3.35 3.35 

4-2 6 2,70 2.70 

4-3 6 1,94 2.66 1.94 2.66 

7-1 6 1.51 1.51 

7-2 6 2.10 2.10 

7-3 6 2.85 2.15 2.85 2.15 


Table 65 — Altamont Clay Loam, Second Crop 
Soy Beans A (following oats) . 

Planted, August 10, 1916. Harvested, November 17, 1916 


Straw Grain Total dry matter 

X X V 

r ^ ^ ~ ■' - 1 1 ^ r ^ 

No. Awrage Average Average 

Pot plants Weight weight Weight weight Weight weight Notes 

3-] 6 4.85 4.85 

3-2 6 4.25 4.25 

3- 3 6 4.50 4.53 4.50 4.53 

4- 1 6 3.53 3.53 

4-2 6 3.59 - 3..59 

4-3 6 4.88 4.00 4.88 4.00 

7-1 6 3.42 3.42 

7-2 6 3.34 3.34 

7-3 8 3.42 3.39 3.42 3.39 



446 


University of California Puhlications in Agricultural Boiemes [Vol. 3 


Table 66 — Altamont Clay Loam, Second Crop 
Soy Beans (following Phaseolus) 

Planted, August 10, 1916. Harvested November 17, 1916 
straw Grain Total dry matter 


Pot 

3—1 

No. 

plants 

6 

Weight 

5.64 

Average 

weight Weight 

Average 

weight 

Weight 

5.64 

Average 

weight 

3-2 

6 

4.94 



4.94 


3-3 

6 

4.84 

5.14 


4.84 

5.14 

4-1 

6 

4.74 



4.74 


4-2 

6 

4.64 



4.64 


4—3 

6 

4.71 

4.70 



4.71 

4.70 

7-1 

6 

5.25 



5.25 


7-2 

6 

3.28 



3.28 


7-3 

6 

4.39 

4.31 


4.39 

4.31 


Notes 


Hanford fine sandy loam. First crop ,> — This soil type, with sam- 
ples from nine different localities in California, gave a much wider 
range of conditions and made a much more interesting series. The 
plants used as indicators in this series were milo (twice), millet, cow- 
peas (twice), and soy beans. The milo was thinned to eight plants 
per pot, -the millet to twelve plants, and the cowpeas and soy beans 
to six plants. Set A of cowpeas, and set B of milo were unfavorably 
located, so that the results of these sets should be discounted. 

It is interesting to note the large differences in the average 
weights from soil to soil (tables 67-72, and fig. 31), as compared with 
the photographs, in which little variation appears. See especially the 
soy bean series. In this series two things are to be noted : 

1. Averages on soils nos. 15 and 25 are hardly representative be- 
cause in both cases excess moisture, from a leaky roof and too heavy 
wati ring, depressed growth. The tendency to become compact and to 
remain wet ajxd cold shown by soil no. 15 aided the milo and depressed 
the soy beans. 

2. The loose, open texture of soil no. 22 seemingly favored the soy 
bean growth, though the other plants did not do as well on this soil 
as on most of the others. 
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Comparing the more satisfactory grains, milo A and millet, it will 
be seen that there is somewhat of a parallelism from soil to soil. The 
legumes do not always respond similarly to the grains, as in the Diablo 
first crop, yet in the Diablo second crop and the Altamont first and 
second crops the response of grain and legume seems quite similar. 
Hence, it is not safe in every case to judge as to the relationships 
shown by legumes and non-legumes. 



Fig. 31. Graph showing the total dry matter produced by millet, milo (two 
series), cowpeas (two series), and soy beans on the nine samples of Hanford 
fine sandy loam. First crop. 


Considering all the variations, one might say that soil no. 23 was 
seemingly among the better soils, and soils nos. 16 and 22 among the 
poorer soils. Yet when discussing whether the soils be the same or 
similar, according to the criterion of the dry weight, one of the Han- 
ford groups will be similar according to one crop, and an overlapping 
group similar according to the second crop. It can be said with rea- 
sonable certainty that these Hanford soils are not closely similar to 
one another. 
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Table 67— Hanpobd Fine Sandy LoaMj 

, First Crop 





Milo A 






Planted, 

June 10, 

1916. Harvested, November 18, 1916 



straw 

Grain 

A 

Total dx^ matter 


Pot 

No. 

plants 

r 

Weight 

\ 

Average 

weight 

^ Average ' ' 

Weight weight Weight 

Average^ 

weight 

Notes 

14~1 

8 

15.34 



15.34 


Most plants bore 

14-2 

8 

12,50 



12.50 


no grain; some 

14-3 

8 

10.15 

12.66 


10.15 

12.66 

grain was im- 
mature at har- 
vest. These 
cases noted, 
but no grain 
weighed. 

15-1 

8 

13.14 



13.14 



15-2 

8 

14.50 



14.50 



15-3 

5 

15.21 

14.28 


15.21 

14.28 

Not mature 

16-1 

8 

8.67 



8.67 



16-2 

8 

5.86 



5.86 



16-3 

8 

4.76 

6.43 


4.76 

6.43 


19-1 

8 

7.65 



7.65 



19-2 

8 

14.11 



14.11 



19-3 

8 

7.01 



7.01 



20-1 

8 

14.10 



14.10 



20-2 

8 

10.15 



10.15 



20-3 

8 

7.68 

10.64 


7.68 

10.64 

Not mature 

22-1 

8 

5.34 



5.34 



22-2 

8 

5.88 



5.88 



22-3 

8 

5,35 

5.52 


5.35 

5.52 


23-1 

8 

8.90 



8.90 


Not mature 

23-2 

8 

10.04 



10.04 


Not mature 

23-3 

8 

8.67 

9.20 


8.67 

9.20 


24-1 

7 

10.82 



10.82 



24-^ 

8 

9.92 



9.92 


Not mature 

24-3 

8 

6.01 

8.92 


6.01 

8.92 

Not mature 

25-1 

8 

11.26 



11.26 



25-1 

8 

11.26 



11.26 



25-2 

8 

5.70 



5.70 



25-3 

8 

9.33 

8.76 


9.33 

8.76 
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Table 68 — Hanford Fine Sandy Loam, First Crop 
Milo B 

Planted, June 10, 1916. Harvested, November 20, 1916 




Straw Grain 

A 

Total d 

ry matter 


No. 

r 

Average* ' Average 

r ■ 

Average 

Pot 

plants 

Weight 

weight Weight weight 

Weight 

weight 

14-^ 

8 

10.75 


10.75 


14-2 

8 

10.95 


10.95 


14-3 

8 

8.84 

10.18 

8.84 

10.18 

16-1 

5 

5.25 


5.25 


15-2 

4 

4.62 


4.62 


15-3 

2 

3.92 

4.60 

3.92 

4.60 

16-1 

7 

7.36 


7.36 


1^2 

2 

2.18 


2.18 


16-3 

4 

2.74 

4.09 

2.74 

4.09 

19-1 

3 

3.73 


3.73 


19-2 

8 

4.79 


4.79 


19-3 

8 

9.60 

6.04 

9.60 

6.04 

20-1 

8 

8.14 


8.14 


20-2 

8 

3.23 


3.23 


20-3 

8 

3,22 

4.86 

3.22 

4.86 

22-1 

6 

4.74 


4.74 


22-2 

5 

3.01 


3.01 


22-3 

7 

3.19 

3.64 

3.19 

3.64 

23-1 

8 

5.68 


5.68 


23-2 

5 

7.72 


7.72 


23-3 

8 

6.93 

6.78 

6.93 

6.78 

24-1 

3 

3.16 


3.16 


24-2 

6 

6.64. 


5.64 


24-3 

6 

3.26 

4.02 

3.26 

4.02 

25-1 

4 

3.07 


3.07 


25-2 

3 

2.34 


2.34 


25-3 

8 

4.34 

3.25 

4.34 

3.25 


Notfs 
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Table 69 — Hanford Fine Sandy Loah, First Crop 
Millet 

Planted, June 10, 1916. Harvested: Nos. 15--25, September 20, 1916; No. 14, 

October 6, 1916 


Pot 

No. 

plants 

Weight 

Average 

weight 

Weight 

Average' 

weight 

Weight 

Average 

weight 

14-1 

12 

3.75 


2.90 


6.65 


14-2 

13 

4.23 


2.95 


7.18 


14-3 

14 

3.46 

3.81 

2.01 

2.62 

5.47 

6.43 

15-1 

12 

3.63 


1.02 


4.65 


15-2 

12 

4.63 


1.31 


5.93 


15-3 

12 

3.86 

4.04 

1.12 

1.15 

4.98 

5.19 

16-1 

13 

1.96 


0.74 


2.70 


16-2 

12 

3.10 


1.81 


4.91 


16-3 

12 

1.52 

2.19 

0.73 

1.09 

2.25. 

3.29 

19-1 

12 

1.85 


0.73 


2.58 


19-2 

12 

1.71 


0.76 


2.48 


19-3 

12 

2.00 

1.85 

0.69 

0.73 

2.69 

2.58 

20-1 

12 

6.54 


2.78 


9.32 


20-2 

12 

1.70 


1.01 


2.71 


20-3 

12 

6.57 

6.55 

2.21 

2.50 

8.78 

9.05 

22-1 

12 

2.04 


0.65 


2.69 


22-2 

12 

2.32 


0.68 


3.00 


22-3 

12 

4.44 

2.93 

1.90 

1.08 

6.34 

4.01 

23-1 

12 

6.12 


1.21 


7.33 


23-2 

12 

6.13 


2.14 


8.27 


23-3 

12 

6.01 

6.08 

1.97 

1.78 

7.99 

7.86 

24-1 

12 

4.18 


1.50 


5.69 


24-2 

12 

2.80 


0.91 


3.70 


24-3 

11 

4.89 

3.96 

2.08 

1.50 

6.98 

5.46 

25-1 

12 

2.06 


0.77 


2.83 


25-2 

12 

2.01 


0.51 


2.52 


25-3 

12 

4.31 

2.79 

2.15 

1.14 

6.46 

3.94 


Seed immature 
Poor. Lack of 
drainage! 

Possible error in 
grain weight. 
Original shows 
6 grams 
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Tablc 70— Hanfoed Pin® Sandy Loam, First Crop 
Boy Beans 

Planted, June 10, 1916. Harvested, December 11, 1916 
Straw Beans Total dry matter 

^ A i — 



No. 


Average 


Average 


Average 


Pot 

plants 

Weight 

weight 

Weight 

weight 

Weight 

weight 

Notes 

I4r.l 

6 

16.69 


...... 


16.69 


Immature seed 

14-2 

6 

16.28 




16.28 


Immature seed 

14-3 

6 

11.89 

14.95 

0.44 

0.15 

12.33 

15.10 

Immature seed 

1&-1 

6 

14.08 


0.23 


14.31 


Immature seed 

15-2 

6 

5.17 




5.17 


Immature seed 

15-3 

6 

6.53 

8.59 


0.08 

6.53 

8.67 

Immature seed 

16-1 

6 

12.63 


0.32 


12.95 


Immature seed 

16-2 

6 

14.60 




14.60 


Immature seed 

16-3 

6 

16.60 

14.61 


0.11 

16.60 

14.72 

Immature seed 

19-1 

6 

12.84 




12.84 


Immature seed 

19-2 

6 

11.68 




11.68 


Immature seed 

19-3 

6 

16.03 

13.52 



16.03 

13.52 

Immature seed 

20-1 

6 

8.77 




8.77 


Immature seed 

20-2 

6 

16.33 




16.33 


Immature seed 

20-3 

6 

14.27 

13.13 



14.27 

13.13 

Immature seed 

22-1 

6 

20.28 




20.28 


Immature seed 

22-2 

6 

19.44 




19.44 


Immature seed 

22-3 

6 

15.60 

18.44 



15.60 

18.44 

Immature seed 

23-1 

6 

21.42 




21.42 


No seed 

23-2 

6 

20.75 




20.75 


No seed 

23-3 

6 

20.68 

20.95 



20.68 

20.95 

Immature seed 

24-1 

6 

17.37 




17.37 


Immature seed 

24-2 

6 

21.24 




21.24 


Immature seed 

24-3 

6 

13.70 

17.43 



13.70 

17.43 

Immature see^ 

25-1 

6 

5.53 




5.53 


Kained on; exclud- 









ed from average 

25-2 

6 

17.85 




17.85 


No seed 

25-3 

6 

21.58 

19.71 



21.58 

19.71 

Immature seed 
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Table 71 — Hanford Pine Sandy LoaMj 

, First Crop 





CowPEAS A 





Planted, 

June 10, 

1916. 

Harvested, October 21, 1916 ^ 



Straw 

A 

Beans 

A 

Total matter 

Pot 

No. 

plants 

r 

Weight 

Average' 

weight 

r 

Weight 

Average' 

weight 

/ 

Weight 

Average^ 

weight Notes 

14-1 

6 

2.99 


0.93 


3.92 


14-2 

6 

3.52 




3.52 


14-3 

6 

4.18 

3.56 



4.18 

3.87 

15-1 

.. 







15-2 

.. 







15-3 

•• 



— 




ie-1 

1 

2.98 




2.98 

Immature seed 

16-2 

3 

3.05 


1.50 


4.58 


16-3 

4 

2.60 

2.88 

2.16 

1.22 

4.76 

4.10 

19-1 

6 

1.49 


0.27 


1.77 


19-2 

6 

1.54 


0.28 


1.82 


19-3 

2 

1.10 

1.38 

0.47 

0.34 

1.57 

1.72 

20-1 

6 

2.86 


0.32 


3.18 


20-2 

6 

2.08 


0.58 


2.66 


20-3 

6 

2.99 

2.64 

0.33 

0.41 

3.32 

3.05 

22-1 

5 

1.80 


0.23 


2.02 


22-2 

.. 







22-3 

2 

1.96 

1.88 

0.39 

0.31 

2.35 

2.19 

23-1 








23-2 

1 

1.80 


0.76 


2.57 


23-3 

•• 


1.80 


0,76 


2.57 

24-1 

2 

1.06 


0.25 


1.30 


24-2 

1 

1.80 


1.29 


3.09 


24-3 

2 

1.75 

1.54 

0.45 

0.66 

2.20 

2.20 

25-1 

3 

2.74 


2.03 


4.78 


25-2 

1 

1.88 


2.28 


4.17 


25-3 

2 

2.12 

2.25 

1.24 

1.85 

3.36 

4.10 
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Table 72 — Hanfobb Fine Sandy Loah, Fibst Chop 
COWPEAS B 

Planted, June 10, 1916. Harvested, November 21, 1916 

Straw Beans Total dry matter 

^ ^ ^ ^ 

^ No. Average Average Average 

Pot plants Weight weight Weight weight Weight weight Notes 


14-1 

6 

3.94 


3.94 



34-2 

6 

5.03 


5.92 



14-3 

6 

3.32 

4.39 

3.32 

4.39 


15-1 

6 

7.24 


7.24 



15-2 

6 

5.34 


5.34 



15-3 

6 

4,61 

5.74 

4.61 

5.74 


16-1 

6 

5.00 


5.00 



3 6~2 

6 

5.82 


5.82 



16-3 

6 

3.65 

5.12 

3.65 

5.12 


10-1 

6 

3.34 


3.34 



10-2 

6 

3.38 


3.38 



JO-3 

6 

3.87 

3.53 

3.87 

3.53 

1 died early 

20-1 

6 

3.00 


3.00 



20-2 

6 

3.15 



3.15 


1 died early 

20-3 

6 

2.80 

3.01 

2.80 

3.01 


22—1 

6 

3.12 


3.12 



22-2 

6 

3,61 


3.61 



22-3 

6 

4.02 

3,88 

4.02 

3.88 


23-1 

6 

4.59 


4.59 



23-2 

6 

6.04 


6.04 



23-3 

6 

4.08 

4.00 

4.08 

4.00 


24-1 

6 

3.S1 



3.81 



24-2 

5 

4.28 


4.28 



24-3 

6 

6.42 

4.84 

6.42 

4.84 


25-1 

5 

4.17 


4.17 



25-2 

6 

3.03 



3.03 


1 died early 

25-3 

6 

4.86 

4.32 

4.86 

4.32 



Hanford fine mndy loam. Second crop . — Barley (twice), oats, 
wheat, bur clover (Medicago sp.), and MelUotus indica were the indi- 
cator crops used when the Hanford soils were planted the second time. 
In all cases a sufficient quantity of seed was used to insure the growth 
of more plants than would be raised to maturity. Later the plants 
in each pot were thinned to six in number, good specimens and well 
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spaced. The final number of plants varied, but was almost always six. 
An attempt was made to reduce at least partially the shading and 
exposure effects. The pots were periodically changed from position 
to position on the bench. 

The total dry weights produced on the several soils are interesting 
(tables 73-78, and fig. 33). The grains gave more uniform results in 
this crop than in the first. Soils nos. 14 and 23 show the best crops, 
and they are the ones that have the highest amounts of total nitrogen. 
The legumes selected must have been particularly well adapted to the 
growing conditions and the soils, because the growth was enormous. 
In the amount of dry matter produced the parallelism between the 
two legumes from soil to soil is close. It is noteworthy that soil no. 14, 



Fig. 32 

Fig. 32. Graph showing the total dry matter produced by barley, wheat, 
oats, rye, bur clover, and Mclilotus indira on the eight samples of San Joaquin 
sandy loam. First and only crop. 


which showed the highest total nitrogen and produced the most dry 
matter from the grains, gave the poorest crop of legumes. The notes 
taken during the growing period show that the relative appearances 
quite early and throughout the period of growth are usually a good 
index to the relative amounts of dry matter produced. This is so, 
even though the photographs of the mature plants do not show dif- 
ferent 3s nearly as great in magnitude as do the dry weights. 

This type does not show any marked tendency for the several soils 
to approach a more uniform crop producing capacity through being 
kept under the same conditions. In fact, the second crop shows 
greater variations than the first. And this type docs not show that 
these nine soils, mapped under a single type name, are closely similar 
to one another in crop producing power. 
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Table 73— Hawtoed Pine Sandt Loam, Second Chop 
Wheat (following millet) 

Planted, October 30, 1916. Harvested, June 21, 1917 
Straw Grain Total dry matter 

A A A 


Pot 

Wo. 

planta 

r 

Weight 

Average 

weight 

f 

Weight 

Average 

weight 

Weight 

Average 

weight 

Notes 

14-1 

6 

10.75 


3.55 


14.30 



14-2 

5 

5.20 


2.10 


7.30 



14-3 

6 

14.85 

10.26 

6.45 

4.03 

21.30 

14.30 


15-1 

6 

3.55 


1.30 


4.65 



15-2 

6 

4.85 


1.50 


6.35 



15-3 

6 

2,80 

3.66 

1.10 

1.30 

3.90 

4.96 


16-1 

6 

3.20 


0.95 


4.15 



16-2 

6 

8.20 


3.70 


11.90 


Rained on, exclud- 

16-3 

6 

2.80 

3.00 

0.70 

0.82 

3.50 

3.82 

ed from average 

19-1 

6 

2.80 


0.75 


3.55 



19-2 

6 

2.80 


0.65 


3.45 



19-3 

6 

2.20 

2.60 

0.60 

0.66 

2.80 

3.26 


20-1 

6 

5.45 


2.80 


8.25 



20-2 

6 

4.05 


1.55 


5.60 



20-3 

6 

21.3.5 

4.75 

12.90 

2.17 

34.25 

6.90 

Rained on, exclud- 

22-1 

6 

4.15 


0.90 


5.05 


ed from average 

22-2 

6 

3.95 


0.40 


4.35 



22-3 

6 

4.45 

4.18 

0.90 

0.73 

5.35 

4.92 


23-1 

6 

4.90 


1.60 


6.50 



23-2 

6 

4.75 


1,60 


6.35 



23-3 

6 

3.75 

4.46 

1.10 

1.43 

4.85 

5.90 


24-1 

6 

18.60 


8.30 


26.90 


Rained on, exclud- 

24-2 

6 

3.20 


0.90 


4.10 


ed from average 
Rained on, exclud- 

24-3 

6 

23.75 

3.20 

5.40 

0.90 

29.15 

4.10 

ed from average 
Rained on, exclud- 

25-1 

6 

15.75 


9.05 


24.80 


ed from average 

25-2 

6 

2.50 


0.35 


2.85 



25-3 

6 

2.25 

2.37 

0.80 

0.57 

3.05 

2.95 
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Table 74 — Hanford Fine Sandy Loam, Second Crop 
Oats (following milo A) 

Planted, November 22, 1916. Harvested. June 18, 1917 
Straw Grain Total dry matter 

X X X 



No. 


Average 


Average 


Average 


Pot 

plants 

Weight 

weight 

Weight 

weight 

Weight 

weight 

Notes 

14-1* 

6 

3.80 


2.90 


6.70 



14-2 

6 

3.40 


1.85 


5.25 



14-3 

6 

3.20 

3.47 

2.40 

2.38 

5.65 

5.86 


15-1 

6 

2.45 


1.35 


3.80 



15-2 

6 

1.75 


1.25 


3.00 



15-3 

6 

2.00 

2.06 

1.50 

1.36 

3.50 

3.43 


16-1 

6 

11.15 


8.40 


19.55 


Rained on, exclud- 









ed from average 

16-2 

6 

2.15 


2,30 


4.45 


Pot saturated with 









soluble salts, ex- 
cluded from av- 









erage 

16-3 

6 

1.15 

2.15 

0.70 

2.30 

1.85 * 

4.45 


19-1 

6 

1.75 


1.25 


3.00 



19-2 

6 

4.55 


2.95 


7.50 



19-3 

6 

1.35 

2.55 

0.95 

1.72 

2.30 

4.27 


20-1 

6 

10.45 


6.30 


16.75 


Rained on, exclud- 









ed from average 

20-2 

6 

J.55 


1.05 


2.60 



20-3 

6 

1.65 

1.60 

1.00 

1,02 

2.65 

2.62 


22-1 

6 

1.65 


1.10 


2.75 



22-2 

6 

2.10 


1.15 


3.25 



22-3 

6 

2.50 

2.08 

1.50 

1.25 

4.00 

3,33 


23-1 

6 

2.70 


1.55 


4.25 



23-2 

6 

1.90 


1.60 


3.50 



23-3 

6 

3.20 

2.60 

2.00 

1.71 

5.20 

4.32 


24-1 

6 

4.80 


3.10 


7.90 



24-2 

6 

16.75 


9.80 


26.55 


Rained on, exclud- 









ed from average 

24-3 

6 

3.35 

4.07 

2.35 

2.73 

5.70 

6.80 


25-1 

6 

1.95 


1.30 


3.25 



25-3 

6 

2.25 

2.00 

1.40 

1.30 

3.65 

3.30 


25-2 

6 

1.80 


1.20 


3.00 
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Table 75 — Hanpoed Fine Sandy Loam, Second Crop 
Barley A (following cowpeas A) 

Planted, October 30, 1916. Harvested, May 20, 1917 
Straw Grain Total dry matter 

^ A ^ A ^ , A 


Pot 

No. 

plants 

f 

Weight 

Average' 

weight 

r 

Weight 

Average' 
weight Weight 

Average^ 

weight 

Notes 

14-1 

6 

4.75 


4.30 


9.05 



14-2 

6 

9.22 


9.00 


18.22 



14-3 

6 

11.97 

8.65 

10.83 

8.05 

22.82 

16.69 


15-1 

6 

15.47 


15.30 


30.77 


Rained on, exclud- 









ed from average 

15-2 

6 

3.78 


3.29 


7.07 



15-3 

6 

5.00 

4.39 

4.12 

3.70 

9.12 

8.09 


16-1 

6 

7.28 


6,42 


13.70 



16-2 

6 

2.55 


2.55 


5.10 



16-3 

6 

2.20 

4.01 

1.71 

3.56 

3.91 

7.57 


19-1 

6 

2.82 


1.80 


4.62 



19-2 

6 

2.39 


1.91 


4.30 



19-3 

6 

2.89 

2.70 

2.25 

1.98 

5.14 

4.68 


20-1 

6 

3.57 


2.90 


6.47 



20-2 

6 

3.32 


2.80 


6.12 



20-3 

6 

19.35 

3.44 

7.45 

2.85 

26.70 

6.29 

Rained on, exclud- 









ed from average 

22-1 

6 

2.73 


2.07 


4.80 



22-2 

6 

5.89 


3.53 


9.42 



22-3 

6 

3.(59 

4.10 

2.73 

2.78 

6.42 

6.88 


23-1 

6 

5.29 


3.35 


8.64 



23-2 

6 

6.19 


4.23 


10.42 



23-3 

6 

7.98 

6.24 

4.20 

3.93 

12.18 

10.41 


24-1 

6 

3.07 


2.54 


5.61 



24-2 

6 

21.85 


9.75 


31.60 



24-3 

6 

4.73 

3.90 

3,57 

3.05 

8.30 

6.95 



6 

2.47 


1.75 


4.22 


Rained on, exclud- 









ed from average 

25-2 

6 

Lost 


...... 




Pot broken, ex- 









cluded from av- 
erage 

25-3 

6 

3.01 

2.74 

2.18 

1.96 

5.19 

4.70 
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Table 76 — Hanfobd Fins Sandy Loam, Ssoond 
Baelby B (following soy beans) 
Planted, January 31, 1917. Harvested, June 21, 


Straw Grain Total dry matter 

A ^ A AT 


Pot 

No. 

plants 

Weight 

Average 

weight 

Weight 

Average 

weight 

Weight 

Average 

weight 

14-1 

6 

9.55 


6.80 


16.35 


14r-2 

6 

6.05 


5.40 


11.45 


14-3 

6 

3.80 

6.47 

2.10 

4.76 

5.90 

11.23 

15-1 

6 

3.50 


2.80 


6.30 


15-2 

6 

3.20 


1.70 


4.90 


15-3 

6 

4.05 

3.58 

2.60 

2.36 

6.65 

5.95 

16-1 

6 

3.10 


1.45 


4.55 


16-2 

6 

9.20 


8.20 


17.40 


16-3 

6 

7.35 

3.10 

4.50 

1.45 

11.85 

4.55 

19-1 

6 

3,05 


0.80 


3.85 


19-2 

6 

2.65 


2,20 


4.85 


19-3 

6 

2.15 

2.62 

1.85 

1.61 

4.00 

4.23 

20-1 

6 

3.35 


2.60 


5.95 


20-2 

6 

4.20 


3.20 


7.40 


20-3 

6 

2.55 

3.36 

2.15 

2.65 

4.70 

6.02 

22-1 

6 

2.05 


1.75 




22-2 

6 

2.90 


2.35 


5.25 


22-3 

6 

3.15 

2.70 

2.25 

2.12 

5.40 

4.82 

23-1 

6 

3.10 


2.05 


5.15 


23-2 

6 

3.10 


2.95 


6.05 


23-3 

6 

3.4(^ 

3.20 

2.75 

2.58 

6.15 

5.78 

24-1 

6 

3.10 


1.45 


3.70 


24-2 

6 

10.10 


5.80 


15.90 


24-3 

6 

3.05 

2.65 

2.35 

1.90 

5.40 

4.55 

25-1 

6 

3.35 


2.90 


6.25 


25-2 

6 

3.10 


1.85 


4.95 


25-3 

6 

4.70 

3.72 

4.60 

3.12 

9.30 

6,83 


Crop 

1917 


Notea 


Rained on, exclude 
ed from average 
Rained on, exclud- 
ed from average 


Rained on, exclud- 
ed from average 
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Table 77 — Hanfobd Fine Sandy Loam, Second Crop 
Melilotua indioa (following cowpeas B) 

Planted, November 22, 1916. Harvested, June 21, 1917 




Straw 

A 

Unhulled seed 



Total dxj matter 

Pot 

No. 

plants 

Weight 

Average^ 

weight 

f 

Weight 

Average^ ^ 
weight Weight 

Average ^ 

weight Notes 

14-1 

6 

17.00 


15.80 


32.80 


14-3 

6 

13.25 


16.45 


29.70 


14-3 

6 

4.40 

15.12 

3.10 

16.12 

7.50 

31.25 Excluded from 

15-1 

6 

35.00 


34.75 


69.75 

average 

15-2 

6 

24.85 


27.28 


52.05 


15-3 

6 

28.95 

29.60 

32.70 

31.58 

61.65 

61.15 

16-1 

5 

*3.50 


24.90 


48.40 


16-2 

6 

30.80 


25.50 


56.30 


16-3 

6 

23.65 

25.98 

25.70 

25.37 

49.35 

51.35 

19-1 

6 

20.50 


18.35 


38.85 


39-2 

6 

26.90 


23.20 


50.10 


19-3 

6 

26.20 

24.53 

27.40 

22.98 

53.60 

47.52 

20-1 

6 

20.55 


17.80 


38.35 


20-2 

6 

20.75 


21.20 


41.95 


20-3 

6 

28.85 

23.38 

26.05 

21.68 

54.90 

45.07 

22-1 

6 

28.00 


28.10 


56.10 


22-2 

6 

32.30 


34.20 


66.50 


22-3 

6 

28.25 

29.52 

31.85 

31.38 

60.10 

60.90 

23-1 

6 

38.05 


34.25 


72.30 


23-2 

6 

34.40 


36.55 


70.95 


23-3 

6 

32,25 

34.90 

32.35 

34.38 

64.60 

69.28 

24-1 

6 

37.35 


31.40 


68.75 


24-2 

6 

25.90 


28.10 


54.00 


24-3 

6 

29.05 

o 

CO 

30.15 

29.88 

59.20 

60.65 

25-1 

6 

25.35 


30.45 


55.80 


25-2 

6 

33.90 


35.90 


69.80 


25-3 

6 

32.10 

30.45 

36.65 

34.33 

68.75 

64.78 



460 

University of California Puhlieations in Affricultural Scienoes [Vol. 3 



Tablx 78— Hanpord Finb Sandt Lojlu, 

Second Crop 




Bub Clover (following milo B) 



Planted, 

November 22, 1916. Harvested, 

June 25, 1917 



straw 

_ Jl. 

Burs 


Total dry^ matter 

Pot 

No 

plants 

Weight 

N 

Average 

weight 

r 

Weight 

Average 

weight 

r 

Weight 

Average 

weight Notes 

34-1 

7 

6.70 


17.55 


24.25 


34-2 

6 

7.00 


16.85 


23.85 


14-3 

6 

6.10 

6.60 

14.50 

16.30 

20.60 

22.90 

15-1 

6 

13.30 


29.10 


42.40 


15-2 

6 

34.45 


33.10 


47.55 


15-3 

6 

17.10 

14.95 

26.65 

29.62 

43.75 

44.56 

16-1 

6 

8.85 


15.40 


24.25 


16-2 

6 

12.25 


29.60 


41.85 


16-3 

6 

10.05 

10.38 

21.90 

22.30 

31.95 

32.68 

19-3 

6 

9.90 


19.90 


29.80 


19-3 

6 

7.70 


17.80 


25.50 


39-3 

6 

8.20 

8.60 

22.40 

20.03 

30.60 

28.63 

20-1 

6 

7.90 


22.50 


30.40 


20-2 

6 

9.75 


23,30 


33.05 


20-3 

6 

8.70 

8.78 

20.50 

22.10 

29.20. 

30.88 

22-1 

6 

15.90 


38.00 


53.90 


22-2 

6 

13.20 


23.40 


36.60 


22-3 

6 

14.50 

34.53 

31.30 

30.90 

45.80 

45.43 

23-1 

6 

14.45 


37.40 


51.85 


23-2 

6 

13.55 


27.30 


40.85 


23-3 

6 

12.05 

13.35 

28.00 

30.90 

40.05 

44.25 

24-1 

6 

10.60 


24.30 


34.90 


24-2 

6 

12.10 


34.10 


46.20 


24-3 

6 

10.25 

10.98 

24.00 

27.46 

34.25 

38.45 

25-1 

6 

17.90 


40.00 


57.90 


25-2 

6 

14.60 


30.80 


45.40 


25-3 

6 

33.35 

15,28 

20.40 

32.40 

39.75 

47.68 


Sati Joaquin sandy loam . — The samples of this type were the last 
to be weighed into pots and planted, because of the lack of available 
greenhouse space; therefore the time allowed for the growing of but 
one crop, instead of two, on each pot of soil. The crops used were 
wheat, barley, rye, oats, bur clover (Medicayo sp.), and Melilotus 
indi'^a. As was done for the other types, an excess of seed was 
planted. When the plants were well established, thinning reduced 
the number to six plants per pot. 

Since the specific gravity of this soil was high, because of the large 
amount of quartz and the small amount of organic matter in its com- 
position, six kilos of soil, instead of five, were weighed out into each 
pot. The samples of this type have the very annoying peculiarities 
of becoming very mushy if an excess of water be added, and of setting 
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with a very hard surface on drying. This makes the soils hard to 
handle in greenhouse pot culture work. 

The variation in crop growth from soil to soil, as shown by the 
total dry matter produced (tables 79-84 and fig. 32), is rather 
marked. That the several samples do not show equal crop producing 
powers is very evident, though with regard to the several indicator 
crops the soils would frequently not maintain the same order. Soil 
no. 26 gave the poorest yields with all six crops. Except for wheat, 
the soils nos. 10, 11, and 12 gave low yields with both the grains and 
the legumes. It is interesting to note that wheat gave relatively high 
yields with a number of the soils, and wheat has probably been raised 
on these soils more than any other one crop. This series shows that, 
as far as the samph^s repr(*sent the type and the crops used represent 
crops as a whole, the soils mapped under a given type name are not 
closely similar in crop producing pow(T under greenhouse conditions. 

Table 79 — San Joaquin Sandy Loam 
Rye 

Planted, November 22, 1916. Harvested, June 21, 1917 
Straw Gram Total dry matter 


Pot 

No 

plants 

Weight 

Average 

weight 

Weight 

A \ erage 
weight 

Weight 

Average 

weight Notes 

10-1 

6 

1.70 


0.30 


2.00 


lU-2 

6 

2.30 


0.35 


2.65 


10-3 

6 

2.0.J 

2.02 

0.65 

0.43 

2.70 

2.45 

11-1 

6 

3.13 


0.70 


3.85 


11-2 

6 

o <»■; 


0.70 


2.95 


11-3 

4 

3.20 

2.87 

0.70 

0.70 

3.90 

3.57 

12-1 

6 

1.65 


0.45 


2.10 


12-2 

6 

2.45 


0.85 


3.30 


12-3 

6 

2.40 

2.17 

0.65 

0.65 

3.05 

2.82 

13-1 

6 

4.20 


1.25 


5 45 


13-2 

6 

4 30 


0.80 


.5.10 


13-3 

6 

3.75 

4.08 

1.60 

1,22 


5.30 

17-1 

6 

7.55 


1.60 


9.15 

Rained on 

17-2 

6 

1.95 


0.55 


2.50 


17-3 

6 

1.80 

3.87 

0.45 

0,50 

2.25 

2.37 

18-1 

6 

2.35 


0.85 


3.20 


18-2 

6 

0.90 


0.30 


1.20 


18-3 

6 

3.70 

2.32 

1.20 

0.78 

4.90 

3.10 

21-1 

6 

2.20 


0.80 


3.00 


21-2 

6 

2.70 


0.95 


3.65 


21-3 

6 

6.55 

2.45 

2.35 

0.87 

8.90 

3.33 Rained on 

26-1 

6 

1.50 


0.60 


2.10 


26-2 

6 

2.55 


0.75 


3.30 


26-3 

6 

2.50 

2.18 

0.70 

0.68 

3.20 

2,87 
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Gr. 



Fig. 33. Graph showing the total dry matter produced by wheat, oats, 
barley (two series), bur clover, and Melilotus indica on the nine samples of 
Hanford fine sandy loam. Second crop. 
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Table 80— San Joaquin Sandy Loam 
Bablet 


Planted, October 30, 1916. Harvested, June 17, 1917 
Straw Qraln Total dry matter 

^ A 


Pot 

No. 

plants Weight 

Average 

weight 

r 

Weight 

Average' " 
weight Weight 

Average 

weight Notea 

10~1 

6 2.93 


0.92 


3.85 


10-2 

6 1.87 


0.81 


2.68 


10-3 

6 1.47 

2.09 

0.85 

0.86 

2.32 

2.95 

11-1 

6 1.91 


0.66 


2.57 


11-2 

6 2.02 


1.28 


3.30 


11-3 

6 2.97 

2.30 

0.90 

0.95 

3.87 

3.25 

12-1 

6 10.27 


4.95 


15.22 

Rained on; exclud- 

12-2 

6 3.60 


1.32 


4.92 

ed from average 

12-3 

6 3.49 

3.54 

0.43 

0.87 

3.92 

4.42 

13-1 

6 2.14 


1.46 


3.60 


13-2 

6 3.19 


1.78 


4.97 


13-3 

6 3.28 

2.87 

1.77 

1.67 

5.05 

4.53 

17-1 

6 3.89 


2.17 


6.06 


17-2 

6 3,74 


1.80 


5.54 


17-3 

6 2.44 

3.35 

O.SO 

1.59 

3.24 

4.95 

18-1 

6 4.6o 


1,93 


6.58 


18-2 

6 3.74 


1.94 


5.68 


18-3 

6 5.61 

4.66 

2.34 

2.07 

7.95 

6.74 

21-1 

6 2.05 


1.53 


3.58 


21-2 

6 2.10 


1.80 


3.90 


21-3 

6 3.81 

2.65 

2.33 

1.88 

6.14 

4.54 

26-1 

6 1.12 


0.63 


1.75 


26-2 

6 1.08 


0.41 


1.49 


26-3 

6 1.20 

1.13 

0.70 

0.58 

1.90 

1.71 



464 University of California Publications in Agricultural Sciences [Vol. 3 


Table 81 — San Joaquin Sandy Loam 
Wheat 

Planted, October 30, 1916. Harvested, June 21, 1917 




Straw 

A 

Grain 

k 

Total dr^ matter 

Pot 

No. 

plants 

t 

Weight 

Average 

weight 

r 

Weight 

Average' 

weight 

r 

Weight 

Average 

weight Notes 

10-1 

6 

3.59 


0.85 


4.80 


10-2 

6 

3.45 


0.45 


3.90 


10-3 

6 

6.35 

4.58 

0.75 

0.68 

7.10 

5.26 

11-1 

6 

5.60 


1.15 


6.75 


11-2 

6 

2.75 


0.60 


3.35 


11-3 

6 

3.45 

3.93 

0.70 

0.81 

4.15 

4.75 

12-1 

6 

6.85 


2.00 


8.85 


12-2 

6 

7.50 


1.35 


8.85 • 


12-3 

6 

4.45 

6.27 

1.35 

1.56 

5.80 

7.83 

13-1 

6 

3.90 


0.85 


4.75 


13-2 

6 

3.25 


0.45 


3.70 


13-2 

6 

3.95 

3.70 

0,75 

0.68 

4.70 

4.38 

17-1 

6 

2.70 


0.25 


2.95 


17-2 

6 

1.20 


0.45 


1.65 


17-3 

6 

2.75 

2.21 

none 

0.23 

2.75 

2.45 

18-1 

6 

5.90 


1.50 


7.40 


18-2 

6 

7.90 


2.40 


10.30 

Rained on 

18-3 

6 

5.00 

5.45 

1.00 

1.25 

6.00 

6.70 

21-1 

6 

3.10 


1.05 


4.15 


21-2 

5 

4.30 


0.75 


5.05 


21-3 

6 

8.40 

3.70 

2.45 

0.90 

10.85 

4.60 Rained on 

26-1 

6 

2.35 


0.55 


2.90 


26-2 

C 

0.40 


none 


0.40 

Rained on 

26-3 

6 

2.60 

2.47 

0.35 

0.45 

2.95 

2.92 
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Table 82 — San Joaquin Sandy Loam 
Oats 

Planted, November 22, 1916. Harvested, June 17, 1917 

Straw Grain Total dry matter 

■■ . -A. , ■ X X 


Pot 

10-1 

No. ^ 
plants 

6 

r 

Weight 

2.25 

Average 

weight 

r 

Weight 

0.90 

Average 

weight 

r - 

Weight 

3.15 

Average 

weight 

10-2 

6 

3.65 


1.90 


5.55 


10-3 

6 

1.70 

2.53 

0.50 

1.10 

2.20 

3.63 

11-1 

6 

2.25 


1.25 


3.50 


31-2 

6 

3.75 


0.95 


2.70 


13-3 

6 

2.10 

2.03 

1.00 

1.07 

3.10 

3.10 

12-1 

6 

1.70 


0.90 


2.60 


1 2-2 

6 

2.40 


1.00 


3.-30 


12-3 

6 

2.35 

2.15 

1.05 

0.98 

3.40 

3.13 

33-1 

6 

2.25 


1.20 


3.45 


13-2 

6 

2.40 


1.10 


3.50 


13-3 

« 

2.70 

2.45 

1.70 

1.33 

4.40 

3.78 

17-1 

6 

0.80 


0.55 


1.35 


17-2 

6 

1.50 


0.90 


2.40 


17-3 

6 

1.25 

1.90 

0.70 

0.72 

1.95 

1.90 

18-1 

6 

1.70 


1.00 


2.70 


38-2 

6 

1.15 


0.60 


1.75 


18-3 

6 

1.10 

1.32 

0.50 

0.70 

1.60 

2.02 

21-1 

6 

1.85 


0.95 


2.80 


21—2 

6 

2.35 


J.05 


3.40 


21-3 

6 

1.00 

1.73 

0.55 

0.85 

1.55 

2.58 

26-1 

6 

1.55 


0.60 


2.15 


26-2 

6 

1.35 


0.80 


2.15 


26-3 

6 

1.65 

1.52 

0.70 

0.70 

2.35 

2.22 


Notes 
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Table 83 — San Joaquin Sanby Loam 
Bub Clover 

Planted, November 22, 1916. Harvested, June 17, 1917 




Straw 

Jl. 

Seed in burs 

A 

Total drjr 

matter 


Pot 

No 

plants 

Weiffht 

N 

Average 

weight 

r 

Weight 

Average' ^ 
weight Weight 

Average 

weight Notes 

10-1 

6 

0.50 


0.95 


1.45 


# 

10-2 

6 

1.50 


1.65 


3.15 



10-3 

6 

0.50 

0.83 

1.75 

1.45 

2.25 

2.28 


11-1 

6 

0.90 


2.00 


2.90 



11-2 

6 

0.25 


1.00 


1.25 



11-3 

6 

0.30 

0.48 

1.10 

1.37 

1.40 

1.85 


12-1 

6 

0.90 


3.00 


3.90 



12-2 

6 

2.15 


5.30 


7.45 



12-3 

6 

1.50 

1.52 

1.90 

3.40 

3.40. 

4.92 


13-1 

6 

1.55 


3.45 


5.00 



13-2 

6 

0.75 


2,80 


3.55 



13-3 

6 

4.35 

1.15 

5.70 

3.12 

9.05 

4.27 

Excluded from av- 

17-1 

6 

0.70 


2.05 


2.75 


eraj^cT 

17-2 

6 

2.35 


3.85 


6.20 


Excluded from av- 

17-3 

6 

0.90 

0.80 

1,70 

1.87 

2.60 

2.67 

erage 

18-1 

6 

1.20 


3.40 


4.60 



18-2 

6 

3.25 


6.65 


9.90 


Excluded from av- 

18-3 

6 

1.80 

1.50 

4.85 

4.12 

6.65 

5.62 

erage 

21-1 

6 

3.35 


3.70 


7.05 



21-2 

6 

2.00 


3.90 


5.90 



21-3 

6 

1.75 

2.37 

5.15 

4.25 

6.90 

6.62 


26-1 

6 

0.60 


1.45 


2.05 



26-2 

6 

1.20 


2.75 


3.95 



26-3 

6 

0,40 

0.73 

1.30 

1.83 

3.70 

2.56 
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Table 84 — San Joaquin Sandy Loam 
Melilotus indica 

Planted, November 22, 1916. Harvested, June 21, 1917. 

St raw Unhnlled geed Total di^^ matter 

No, Average Average Average 

Pot plants Weight weight Weight weight Weight weight Notes 


10~*1 

6 

1.20 


1.20 


2.40 


10~2 

6 

1.03 


0.92 


1.95 


10-3 

6 

1.30 

1.18 

1.65 

1.26 

2.95 

2.44 

n-i 

6 

1.05 


0.85 


1.90 


11-2 

6 

0.50 


0.35 


0.85 


11-3 

6 

1.00 

0.85 

0.80 

0.67 

1.80 

1.52 

12-1 

6 

1.07 


2.0.5 


3.12 


12-2 

6 

1.70 


2.45 


4.15 


12-3 

6 

1.20 

1.33 

1.40 

1.96 

2.60 

3.29 

13-1 

6 

3.0.*) 


3.70 


6.75 


13-2 

6 

3.10 


3.95 


7.05 


13-3 

6 

3.r>() 

3.22 

4.45 

4.03 

7.95 

7.25 

17-1 

6 

3.0.5 


4.05 


7.10 


17-2 

6 

2.25 


3.55 


5.80 


17-3 

6 

2.85 

2 7*^ 

3.20 

3.60 

6.05 

6.32 

18-1 

6 

3,25 


3.90 


7.15 


18-2 

6 

2.05 


2.65 


4.70 


18-3 

6 

2,85 

2 42 

3.95 

3.50 

6.80 

6.22 

21-1 

6 

2.50 


3.40 


5.90 


21-2 

6 

2.65 


3.95 


6.60 


21 3 

6 

3.45 

2.87 

3.30 

3.55 

6.75 

6.42 

26-1 

6 

1.10 


0.85 


1.95 


26-2 

6 

0.95 


0,85 


1.80 


26-3 

6 

1.30 

1,12 

1.05 

0.92 

2.35 

2.04 


GENERAL DISCUSSION 

The limited time available for this study made it impossible to 
make all the determinations upon each of the several horizons of all 
the soils collect<*d for this study. 

It was believed, however, that the additional data were not re- 
quired, since that already at hand seemed to give ample evidence upon 
which to base conclusions. Therefore, in many cases determinations 
were run on the surface horizon only. This makes some of the tables 
appear incomplete. 
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On the basis of the preceding results and discussions some general 
treatment is possible, as well as a more or less critical discussion of the 
methods of soil surveying pursued by the Bureau of Soils. 

The types and the localities of collection of the soils studied were 
as follows : 


Diablo clay adobe: 

San Juan Capistrano (1) 
Los Angeles (2) 
Calabasas (5) 

Danville (6) 

Altamont clay loam 
Walnut (3) 

San Fernando Valley (4) 
Mission San Jos4 (7) 

San Joaquin sandy loam: 
North Sacramento (10) 
Lincoln (11) 

Wheatland (12) 

Elk Grove (13) 


Thalheim (17) 

Madera (18) 

Merced (21) 

Del Mar (26) 

Hanford fine sandy loam: 
Elk Grove (14) 
Acampo (It'S) 
Woodbridge (16) 
Waterford (19) 
Snelling (20) 

Basset (22) 

Anaheim (23) 

Los. Angeles (24) 

Van Nuys (25) 


Note — F igures following localities designate sample numbers 


Comparisons op Physical Data 

The mechanical analyst's of the soils were carrit'd out with both 
the Hilgard elutriator and the Bureau of Soils centrifuge methods. 
The tedious nature of the elutriator m<»thod has been emphasized else- 
where. The results by this method show tliat the soils of each type 
as a whole are somewhat similar, thougli no two are identical and 
some samples of a type are widely divergent from the rest. The 
Bureau of Soils method appears to give a sharper and more satisfac- 
tory separation into classes than does tlie elutriator method. This is 
to be expected since the separates represent grt*at( r ranges of })article 
sizes. As a cheek on the texture of the samples collected, it shows that 
some of the soils are not true to name, therefore that all soils mapped 
under a given type name are not closely similar to one another. Of 
course', this is the beli(‘f of man;> soil surveyors, but it seems strange 
tliat in the present work, where there was the attempt to select soils 
representative of the class and type chosen for study, that such diver- 
gences de\ doped. It is an interesting commentary on the personal 
equation of the field worker, in this case of the writer, who collected 
the samples. 
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With regard to the methods of mechanical analysis, one should not 
overlook Mohr’s work on The Mechanical Analysis of Soils of Java,®® 
which gives an excellent discussion of the relative merits of the better 
known systems of mechanical analysis. He describes a modified cen- 
trifuge method preferred by him. 

Under a discussion f)f the physical constants of soils, Free®^ dis- 
cusses the value of mechanical analysis as a soil constant, and shows 
that there are three serious errors in the determination, all of which 
impress themselves upon one making and using such analyses. Tiiey 
are: ‘‘(1) disunity of expression; (2) failure to express conditions 
within the limits of individual groups; and (3) failure to take 
account of variations in the shapes of the particles.’' Yet he empha- 
sizes, and rightly so, ^^that mechanical analysis is by no means useless 
nor to be belittled as a means of soil investigation.”^® 

MoisitiVf rquivalnHH . — This determination showed (|uite distinct 
averages for tlie types, though there \vas considerable variation within 
ea(*h of the types. Eliminating those samples shown to be non-typical 
a<‘cordiTig to the mechanical analysis, the variation within the type is 
n'duced consid(*rably. Yet it cannot be said that as regards this con- 
stant that all soils ma}>ped under a given type name, or even those 
soils under a giv(*n type name which the mechanical analysis has 
shown to ])e true to name, have closely similar moisture ecpiivalents. 
Briggs and McLaiie®® expn‘ss the belief that ultimately moisture 
eipiivalent determinatioiis will replace meclianical analysis in the 
classification of soils, l)eeaus<* the determination is simple and the 
result can be exj>res.s(‘d as a single constant. 

llijfjrnsvop^ic crnfficUni , — The two heavy types show averages dis- 
tinct from tho.se of the two light types, but the wide and erratic varia- 
tion within the type, togfdlier with the nearly universal failure of 
Briggs and Sharitz's formula®^ to convert these values into values 
even approximating those of the moisture equivalent, leads one to 
doubt the accuracy of these figures of the hygroscopic coefficient. It 
is becaus(' of the ease of dettTinining the moisture equivalent, and 
because of the difficulties involved in con’ectly carrying out the hygro- 
scopic eoi^fficient, tliat the doubt is cast upon the latter determination. 

8«Bull. Dept, of Agr., Indes Norland, 1910, uo. 41, pp. 33. 

SI Free, E. E., Studios in Soil Physics, Plant World, vol. 14 (1912), nos. 2, 
3, 5, 7, 8. 

p. 29. 

Proc. Amor. Soe. Agron., vol. 2 (1910), pp. 138-47. 

84 U. 8. Bur. PI. Tnd., Bull, 230 (1912), p. 72. 
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Comparison op Chemical Data 

The total nitrogren content of the samples of each type varies 
within somewhat wide limits. The average amounts for the several 
types are distinct, though the variations are such that some of the 
quantities of one type overlap those of another type. It is believed 
that for the types selected the field differentiations do indicate dif- 
ferences. 

Regarding the humus content of the four types under considera- 
tion, the results are somewhat different. The average amounts of 
humus are almost alike in three of the four types, while the nitrogen- 
poor San Joaquin soil has an average of about half that of the others. 
Within the type tlie soils may be Vi^ry nearly alike in the humus con- 
tent, as is the case in two of the types, or may be widely variable, as 
in the Hanford fine sandy loam. It should be noted that the amount 
of humus as shown by the method used, is not indicated by the inten- 
sity of the color either of the soil or of the resulting extract. This 
confirms the findings of Gortner, which are cited elsewhere. 

There was quite a wide range shown in the results of the deter- 
mination of the loss on ignition. The Diablo and Altamont soils, be- 
cause of the heavier textures and the relatively large amounts of com- 
bined w’ater, and of considerable amounts of CaCO.T in at least one 
case, gave high losses on ignition. The averages w(Te close, 6.8% for 
the Diablo, and 6.7% for the Altamont. The Hanford soils were 
lower, though with a wdder range. Soil no. 14, with 6.9% loss on igni- 
tion, shows almost double that of any other soil in the type. The San 
Joaquin soils, with an average of 2.6%, show the lowest average loss 
on ignition. The smaller amounts of organic matter in these soils Is 
one reason for the smaller loss. The two heavier type.s have averages 
close together, and the lighter types have averages not far apart, but 
because of the wide variations within each type, the results of tlie 
determination of the loss on ignition certainly do not show that all 
soils classified in one type are closely similar. 

Hall and Russell, in their discussion of the soils of southeastern 

England,®® consider of value the ratio of apply. 

% loss on Ignition, ^ ^ 

ing this ratio to the California soils under consideration does not seem 
to give any relations of value. The Diablo ratio varies from 0.0136 to 
0.0158, the Altamont from 0.0141 to 0.0204, the San Joaquin from 
0.0144 to 0.0282, and the Hanford from 0.011 to 0.0172. 

36 Jour. Agr. Sci., vo). 4 (1911), pp. 183-223. 



1919] 


Pendleton : A Study of Soil Types 


471 


The calcium (as CaO) content of the soils is interesting especially 
because of the variability. The Altamont samples show the greatest 
variation, for the largest quantity of CaO is about seven times the 
smallest. The San Joaquin samples are second, with the largest over 
six times the smallest. The Diablo samples are third, with the largest 
over five times the smallest, while the Hanford soils show the least 
variation, the largest being less than twice the smallest. There are 
quite marked differences between the averages of the Diablo, Alta- 
mont, and Hanford soils (the San Joaquin samples are intermediate), 
but the wide variations within the types greatly minimize any sig- 
nificance the averages might have. Hence it is not possible to state 
that one or another type, as represented by these samples, is charac- 
terized by high, low, or moderate amounts of calcium. 

As the analyses of the samples for calcium failed to point out any 
striking characteristics, unless it be that of variability, so it is with 
magnesium. IVIagnesium (as MgO) is variable within each of the four 
types. Tin* largest quantity is about three times the smallest in the 
Diablo, San Joaciuin. and Hanford types, while in the Altamont the 
largest is twenty-seven times the smallest. Consid<*ring the Hanford 
and San Joa^iuin, or the Diablo and San Joaquin, it is seen that the 
curves do not overlap, while the Diablo and Altamont, or the Diablo 
and Hanford curves do. The averages of the four types are distinct, 
except betw'ccui the Hanford and Diablo, which are quite close. But, 
here again, because of the more or less wide range of values within 
each of the types, the av(»rages are of little significance. The lime- 
magnesia ratio is very variable in these soils. Comparing the calcium 
and magnesium curves for the several soils gives a good idea of the 
relations. The Diablo curves are quite similar except for soil no. 6 , 
which shows MgO and 0.5% CaO. In the Altamont soils the 
curves are somewhat similar in direction, though the ratios differ 
widely. In the Hanford and San Joaquin types the ratios of CaO and 
MgO are also far from constant, yet it is readily seen from the graphs 
that the amount of magnesium varies more or less directly with the 
amount of calcium. 

Respecting the total phosphorus (as P 2 O 5 ), if the San Joaquin and 
Hanford samples alone be considered, there would be no doubt as to 
the significance of the field separation, the variations within the type 
notwithstanding. But when the other two types are considered, the 
case is not so good in favor of the field classification. The Diablo soils 
show considerable variation in the amount of P.^Og, while the three 
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Altaiiiont samples show much variation. Therefore with reference to 
the amount of phosphorus, and the types studied, the separation into 
types may or may not be of significance. 

If the results of the potassium (K^O) determinations are com- 
pared, it is very evident that but one conclusion can be drawn, and 
that is that the variations in the amount of potassium within each 
type are great enough so that any differences between the averages 
of the several types have no significance whatsoever. Therefore, with 
regard to total potassium the field separation of soils as represented 
by these twenty-four samples of four types means nothing. 

Comparison of Bacteriological Data 

The wealth of th(‘ data obtained from over nine hundred bacteri- 
ological tumbler cultures is hardly of sufficient significance to com- 
pensate for the effort involved. There is one outstanding conclu.sion 
from all this work, namely, the lack of any very definite, distinct, and 
constant bacteriological activity of the samples of one type that is not 
to a considerable ext(nit shared by the samples of the other typers. 
There are tendencies in certain types with regard to bacteriological 
activity which show that some of the types as a whole are more or less 
distinct from one or more of the others. » 

Ammonification . — The amount of ammonia produced from dried 
blood varies to a great extent. The Altamont samples gave between 
10 and 33 mg. nitrogen as ammonia; the Diablo samples gave betwetm 
7 and 26 mg., and the Hanford samples gave between 35 and 72 mg. 
The Altamont and Diablo types are thus seen to be about alike in their 
low ammonifying power, as compared with the higher ability of the 
San Joaquin typ(‘s and still greater ability of the Hanford types. 
And since there are somewhat greater variations between the types 
than between the samples of a given type, the ammonifying power 
may be significant. 

Nitrogm fimtion , — The two heavy types, Diablo clay adobe and 
Altamont clay loam, slnw no characteristic differences, while the two 
lighter typ(*s show considcTable differences. As a whohi the types are 
different one from another, yet the variations within the type are 
sufficient to prevent any statement that the rate of nitrogen fixation 
is a function of the type as determined in the field, or vice versa. 

Nitrification , — The nitrification data are the most puzzling. The 
figures are extremely variable within a given type; the erratic way 



1919] 


Pendleton: A Study of Soil Types 


473 


in which the Hanford samples behave is not paralleled by any other 
type. There are certain ways in which the types are distinct : 

The nitrification of the soil’s own nitrogen as compared with the 
soil’s action upon added nitrogen is in some degree separate for each 
type. The San Joaquin samples nitrified their own nitrogen to a 
greater degree than they did the nitrogen added to the soil. 

The relative nitrification of the several nitrogenous materials 
(dried blood, cottonseed meal, ammonium sulfate) is in some measure 
distinct for the several types. The Diablo, Altamont, and San Joaquin 
types show ammonium sulphate to be nitrified the best, eottomseed meal 
less, and dri(*d blood still less. The Hanford samples show cottonseed 
meal to give the highest percentage of nitrates, with dried blood less, 
and ammonium sulfate still less. 

When any one soil is compared through the three sets of deter- 
minations there are no apparent similarities. The Hanford type 
sliows the greatest bacterial activity, while tlie San Joaquin shows 
h*ss, wdth th(‘ h(*avier types showing sometim(*s greater activity" and 
sometimes less than that of the San Joaquin. 


Work in Othkr Stati:s 

In (‘onneetion with the original chemical w’ork reported in this 
paper, there should be iiumtioned tin* large amount of work done in a 
number of states on the analysis of the types of soils as mapped by 
1h(* Hureau of Soils. Apparently, these analyses have been made 
witliout any (juestion as to the validity of the existing subdivisions 
into types. The various analys(‘s have been reported with some com- 
ment, but tliat uhich dws ajipear usually deals with the “adequacy'’ 
or “inadequacy” of the plant food present. Blair and Jennings®® 
present a large amount of data on chemical composition, some of 
which on rearrangement sho^v interesting relationships (table 85). 
From the data the four s«»ries of .soils with the largest number of 
analyses were sideeted (st*e following table). Under each series there 
are from 2 to 4 soil types, and from 2 to 6 analyses under each type. 
The averages from each type are tabulat(‘d, also the averages of all 
the types within the series. This is both for the strong acid extraction 
and the fusion methods of analysis for significant plant food elements. 
There are no doubts but that each series of soils shows characteristic 
cliemical peculiarities, peculiarities which are to a great extent con- 

The Mechaoical and Chemical Composition of the Soils of the Sussex Area, 
New Jersey, Geol. Surv. N. J., Bull. 10, 1910. 
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Slant throughout the several representatives of the type. In some 
eases, the differences or similarities are more clearly seen in the total 
analyses, and in other cases, they appear in the acid analyses and not 
in the fusion anabases. Within any series the variations between 
analyses of any one type are about the same as the variations from 
type to type. There are many other papers^^ which provide material 
for similar comparisons. 

A paper by Van Dyne and Ashton^"' reports chemical analyses for 
lime, phosphoric acid, potash, and nitrogen on the samplers collected 
in the course of the surve}^ of Stevens County, Washington. Though 
sometimes there is a much gre ater range within a type than between 
types, in a general way the analyses for any one type agree (piite 
well. As a whole the chemical analyses seem to show that the field 
criteria are also a basis for grouping soils into certain chemical 
groups. It should be meutionod that the work of Blair and Jennings, 
also that of Van Dyne and Ashton, deals with individual areas, and 
not with samples from several scattered areas. The work of Praps and 
Williams, and the original work here reported represent scattered 
areas. 


The GRKENnorsE Cri.Ti REs 

By far the most interesting results were obtained in the pot culture 
work. It is realiz(*d that there aiv variations in the physical nature 
of the samples of a given type, yet since these samples were collected 
witli considerabl(» care by one familiar with field classifications, the 
samples so selected should be fairly rej^resentative of the t}pe. It is 
probable that if all the soils in each of the types used were exactly the 
same in texture, i.e., if the mechanical analysis showed the same 
results for the several soils, the crops produced on the several soils of 
a type would be less divergent in appearance or weight. Yet it is 
not at all likely that the crops would be the same. Pot cultures pre- 
sume that the conditions in all the pots can be kept uniform, but this 
is obviously impossible. Greenhouse work is subject to many interfer- 
ing factors. Nevertheless, the results are believed to be significant, 

8T Williams, arul others. Report on the Piedmont Soils, North Carolina Dept. 
Agr., Bull. 206, 3915. 

Fraps, G. H., Composition of the Soils of South Texas, Texas Agr. Exp, Sta., 
Bull. 161, 1913; Composition of the Soils of the Texas Panhandle, ihtd., Bull. 
173, 1915. 

88 Van Dyne and Ashton, Soil Survey of Stevens County, Washington, Field 
Operations, U. S. Bur. Soils, 1913, pp. 2165-2295. 
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despite the large correction that the consideration of the probable 
error might introduce. 

The differences in the crop producing power of the soils are very 
marked in the Diablo clay adobe, where the second crop, as well as 
the first, shows evident variations in the ability to support a crop. 
In the Altamont clay loam the second crop almost loses the variations 
seen in the first crop from pot to pot. The samples of both types 
seem to show one thing in common — ^the approaeh of the several sam- 
ples toward a uniform ability to produce crops, as the soils are kept 
for longer periods under the same conditions. The Hanford soils did 
not show, with the several crops, the parallelism in the fertility from 
crop to crop as did the Diablo and Altamont soils. Some soils pro- 
duced good crops of grain and poorer crops of legumes, others did the 
opposite. The low nitrogen content in this type seemed to be a limit- 
ing factor. This would account for the variation between the grain 
and the leguminous crops. Also, the presence, or absence of Bacillus 
radicuola inoculation in this connection miglit greatly affect the total 
crop produced. 

There does not seem to be much doubt but that the soils of the 
several types compared in this way are not the same, though they are 
in certain respects similar. 

The Pla(e of Soil (lassificafioiu — With all th<*se evidences that the 
soils within the several tyf)es are not closely similar, though th<*y are 
classified the same by the Bureau of Soils, what conclusion is one to 
reach as to the value of .such a classification ? Tf it were true that there 
wer(» no appc^al from the findings of 8U(*h laboratory and greenhouse 
determinations as these, and that these dtderminations were a final 
proof of the fertility or infertility of a soil, obviou.sly there would be 
but one thing to do — discard all su(*h field classifications as useless. 
But the writer is one of a great many soilists who are not willing to 
rely on laboratory or even greenhouse results for an ahwluft deter- 
mination of fertility, and for the grouping togetluT of soils into a 
workable (*bissifi cation. Not enough is definitely known as to the mean- 
ing of su<*h findings, though there are certainly many valuable points 
shown by laboratory analyses.'^*^ 

As examples of the value of natural classifications we may con- 
sider those of botany, zoology, or mineralogy. If available, a wholly 
satisfactory classification of soils would be equally useful. The appre- 

80 Jo^an, W. H., Measurements of Soil Fertility, Now York Agr, Exp. 8ta., 
Geneva, Bull. 424, 1936. e r » 
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ciation of this is shown in the many systems of soil classification that 
have been proposed. 

Despite the foregoing facts that have been obtained showing the 
divergent properties of different samples of one type presumably 
alike, yet it must be admitted that soil surveys, even such as are no 
more refined than those of the Bureau of Soils, have considerable 
value for field use. 

It is felt that the additional effort required to modify the practices 
of the Bureau of Soils in the mapping and classifying of soils would 
be more than justified hy the increased accuracy and usefulness of 
the maps. To point out some of the causes of the present practices 
and to give suggestions for possible methods of improvement, the 
following discussion of the Bureau of Soils methods has been 
prepared. 

I)isnmi(/n of ih< Bun mi of Soils* methods , — The methods of map- 
l)ing and classifying soils, as devised and used by the Bureau, have 
result(‘d from some definite and important considerations. 

1. The necessity for keeping down the cost of surveying and map- 
ping prevents the us<‘ of laboratory and culture methods in the study 
of the soils classified, even if it were not for the fact that one of the 
outstanding jmlicies of the Bureau apparently d(-ni<‘S the validity of 
such studies in the classification of soils. This does not include the 
iiK'chanical analysis of soils, which is not a separate laboratory- deter- 
mination, hut a metliod of checking the field man's decision as to the 
texture. It shmild also be added that some of the reports as published 
in tlie Field Operations of the Bureau of Roils, for 1913, show the 
subdivision of the soils into two groups biised upon thc‘ CaOO content. 
Keeping down the cost has also prevented the use of sufficient time to 
map the soils eorn'ctly, even according to the criteria admittedly of 
value in the system adopted. Many of the other methods of classify- 
ing and mapping soils, even if applicable to most of the agricultural 
regions of the United States, would be absolutely out of the question 
on account of cost. 

2, The large and widel}^ diversified area of the United States, and 
the attempt to map representative areas in various parts of the coun- 
try, early led to difficulties. There seemed to be a lack of understand- 
ing as to what criteria to use in the classification of the soils. Re- 
cently, some of the areas first mapped in the state of California have 
been resurveyed. The texture, series, and province differences of the 
early mapping seem not to have been clear. For example, we may con- 
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sider the dilferences between the older and the recent survey of two 
localities east of Los Angeles. The notes were made by C. J. Zinn, 
a member of the party which made the recent survey : 

Locality A — About 15 square miles with Eaton Wash on the west, center of 
Monrovia on the east, mountains on the north, and a line about 3 miles south of 
mountains as the south boundary. The old survey*® has four types of three series 
and two miscellaneous types: San Gabriel gravelly loam, San Gabriel gravelly 
sand, Placentia sandy loam, San Joaquin black adobe, and Riverwash and Moun- 
tains. The liew survey (1915, unpublished) has 13 types of 6 series and 3 mis- 
cellaneous types: Hanford stony sand, gravelly sand, loam, sandy loam, fine 
sandy loam, and sand; Tejunga atony sand; Zelzah loam an<l stony loam; Pla- 
centia loam, Holland loam, Chino loam and silt loam. The miscellaneous types 
are Bough Mountain land, Bough Broken land, and Riverwash. 

Locality B — In the city of Pasadena, comprising about 3.5 square miles, with 
the southwest corner at the center of the city. The old survey shows fian 
Gabriel loam occuping about 0.6 of the area, San Gabriel gravelly sand about 0.3, 
and Placentia sandy loam about 0.1. The new sur%»ey (1915, unpublished) shows 
Zelzah gravelly loam occupying about 0.9 of the area, Zelzah loam about 0,1, with 
a very small body of Holland loam. The older survey sliowed a recent alluvial 
soil where the rcHjent one shows an old valley filling soil. 

Besides these errors (detected as such by the practical man, who 
might attempt to use the soil maps in the fiedd) there are in addition 
those of another nature which were the source of much criticism in the 
earlier history of the survey — the so-called ^ ‘ pcoerustean classification’' 
criticism of Ililgard.'*- Due apparently to an insufficient study of the 
soils of the United States, there wa.s the attempt to classify in the same 
series soils of widely differing properties — differences of an important 
nature being ignored. 

At the present time there is an increasing tendency toward limit- 
ing series groups of soils to a more or h‘ss definite climatological 
region. In this connection see the later changes in the correlation of 
many soils.^* These changes tend to limit the geogra])hic range of the 
series, and make these series narrower and more exact. Moreover, it 
is understood that as the knowledge of the soils has increased, the 
changes in correlation have been proceeding rapidly since the above 
list was issued. This indicates that as the facts accmniilate the *‘pro- 
eru.stf*an classification^’ criticism is lasing its force. 

Field Operations of the U. 8. Bur. of Roils, 1901, San Gabriel sheet. 

*1 Ibid. 

*2 Hilgar^ , E. W., and Loughridge, B. H., Proc. Second Intern. Agrogeol. 
Conf., Stockholm, 1910, pp. 228-29; Hilgard, E. W., U. 8. Oifice Exp. 8ta., Bull. 
142 (1904), p. 119; Hilgard, E. W., Proc, First Intern. Agrogool. Conf., Budapest, 
1909, pp. 52-54. ^ 

*8 IT. R. Bur. Soils, Bull. 96, 1913. 
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3. There was a lack of trained men early in the work. This was 
to be expected. As has been shown, the early surveys were very crude 
in certain places. It must be added that some of the errors and omis- 
sions made in the more recent maps are not due to a lack of training, 
but to the carelessness of the field men with respect to details. 

4. The policy of the Bureau has been to recognize the physical 
characteristics of the soil as factors in fertility to the virtual exclusion 
of the chemical or biological factors. Therefore the use of phj^sical 
criteria is necessary. Besides, the criteria must be such as can be 
applied in the field, and are: (1) color, (2) texture, determined by 
rubbing between the tliumb and finger, (3) structure, (4) nature of 
subsoi], (5) presence of hardpaii, (6) height of water table, (7) pres- 
ence of alkali, (8) topograph}", (9) physiographic form and hence 
mode of formation, and (10) source of material (sedimentary, igne- 
ous, or nietamorphie rocks). Humus, and the presence or absence of 
appreciable quantities of lime, also the reaction of the soil (acid or 
alkaline) are frecjuently guessed at. These criteria are practically 
the only ones that can be applied in field work. It is believed that 
these same criteria indicate the chemical nature of the soil, though 
there has been no attempt to correlate some of the factors. However, 
tlu‘ original work ri'ported in this paper would indicate that the chem- 
ical nature is nut the same, of soils classified the same by the Bureau 
of Soils criteria. 

5. The desire to limit the number of groups of soils is a wholly 
sound one. In discussing the problems of classifying soils there 
should always be kept in mind the fact that some of the problems are 
not very diffen^nt, fundamentally, from some of the problems that 
have been causing perplexity among biologists for a long while. 
The t(‘ndency, as seen in some of the recent surveys, to make the 
series more inclusive and to introduce the term, phase, is heartily 
commended. By making the series broader there will be less difficulty 
in placing a soil in its proper group. The phase will take care of many 
of the series differences between area and area. 

6. It seems certain that if there were more emphasis placed upon 
the inspection of the area, during the progress of the field work and 
after its completion, there would be a much closer approach to 
accuracy throughout the map and report. At the present time the 
field man is not closely checked up. The careless or indifferent worker 
can map more or leas as he pleases, especially in the out-of-the-way 
places. 
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7. Whether the soil survey should include more than a simple 
classification of the soils or not, is an unsettled question. It is thought 
hardly possible that in a soil survey the field man could handle all the 
phases of an agricultural survey of an area, when his energies should 
be fully employed in the classification of the soils. It is believed that 
the place of the sur\"ey, in this country at least, is to handle the 
classification of the soils, leaving the study of the remaining factors 
largely to other specialists, who would use the soil survey as a basis.^^ 
But to make the soil maps of more general use for such work, they 
must be more accurate. These maps never can become the basis of 
other agricultural studies as long as many experiment station workers 
ridicule them. Hence, the ultimate effort of the survey should be 
toward better work, rather than covering a wide range of agricultural 
studies. 

8. There is not the incentive to make as many separations of the 
soils in the field, as the field man might think best, because frequently 
the feeling of the editors is that there would be too many small bodies 
of soil shown on the manuscript maps which would not warrant the 
additional cost of publication. 

In conclusion, the Bureau of Soils ^ system has much to commend 
it as a field method, and the resulting maps and classification are be- 
lieved to be of distinct value. It is felt that a more general under- 
standing of: (1) the limitations under which the maps, the earlier 
ones especially, have been made; (2) the difliculties under which the 
field work is at present carried on; (3) the meaning of the correlation 
of soils; and (4) the general policy of the Bureau of Soils would give 
people morf^ sympathy with their work. 

44Fippiii, E. O., Proc. Amer. Boc. Agron., vol. 1 (1908), pp. 191-97. 



1919] 


Pendleton: A Study of Soil Types 


481 


SUMMARY 

Presumably typical samples of four soil types were collected for 
laboratory and greenhouse study from widely distributed localities in 
the state of California. The field appearance of each sample was 
usually sufficient to warrant the classification as it. exists. 

PHYsiCAii Relations 

1. The mechanical analysis by the llilgard elutriator shows that 
the soils of a given type are in some cases (iiiite divergent from each 
other in tludr cont('nt of certain of the sizes of particles. The me(‘han- 
ical analysis by the Bureau of Soils method shows that 6 of the 24 
soils were not true to th(‘ir type names, and that of those soils within 
the type there is considerable variation. 

2. The moisture equivalents for the several types show distinct 
enough values to substantiate the field separation. 

ti. The hygroscopic e(K*fficients vary widely within each type and 
the types are not shown to be distinctly different by this criterion. 

CiiEMicAii Relations 

1. The total nitrogim averages vary markedly from type to type, 
with the Altamont clay loam containing three times that in the San 
JoHciuin sandy loam. 

2. The average humus content of the San Joaquin samples is 
about half that of the other tyjies. The variations in the humus con- 
tiuit bt*twe<‘ii the types are small, considering the diverse nature of the 
types and the large range in the amount of humus within the type. 

3. The loss on ignition shows a considerable variation within the 
type and no significant distinction between the four types. 

4. The average total calcium content of the types is distinct, 
though the wide range within each type minimizes the significance of 
the variation in the averages. 

5. With regard to magnesium, the types are neither distinct nor 
are the soils within the type closely similar. 

6. The average phosphorus content of the types is distinct, though 
the ranges within the several types frequently overlap. 

7. The total potassium results do not show the types to be distinct 
nor the soils within a type closely similar. 
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Bacteriological Relations 

1. The ammonifying power shows rather larger variations from 
type to type than between the samples of a type. 

2. The nitrogen fixation data do not show characteristic differences 
for the several types. 

3. Regarding nitrification as a whole there may be a greater 
divergence between the samples of a type than between types. The 
relative nitrification of the soil’s own nitrogen varies with the type, 
as does the relative nitrification of the several nitrogenous materials 
added. 


Pot Cttltures in the Greenhouse 

In addition to the effect of the probable error, the impossibility 
under the conditions herein described of growing the same crops on 
all the soils, during the same season of the year in the greenhouse, 
prevents close comparisons between the types, .or between the first and 
second crops on a given soil. The comparison of several samples of a 
given soil type* and the comparisons of various soil types, according 
to the previously outlined greenhouse methods show that : 

1- Different repr(*sentativ 08 of a given typ<* are not the same in 
their ability to produce crops. 

2. The arrangement of the samples of a given typ(* according to 
their fertility may or may not vary with the special crops used as the 
indicators. 

3. The types are distinct with respect to their fertility, considering 
their average production. 

Therefore it is concluded that with regard to the 24 soils of 4 
types examined, all soils mapped under a given name by the Bureau 
of Soils method may or may not be closely similar, depending upon 
the criteria used. The greater number of the criteria show the soils 
of a t>pe to be not closely similar, and the types to be but litle differ- 
entiated from each other. 

Li connection with the results of the author’s study of the soils, 
then* i^s given an historical sketch of the development of soil classifica- 
tion and mapping, also a discussion of certain of the methods em- 
ployed by the Bureau of Soils of the United States Department of 
Agriculture. It is pointed out that despite its defects, the work of 
the Bureau of Soils is of value, and is practically the only type of soil 
classification and mapping possible under the conditions imposed. 
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APPENDIX A 

METHODS AND TECHNIQUE 
Collection of Samples 

There was difficulty in finding types that would meet the requirements of wide 
distribution and of differing from one another as to series as well as texture. The 
types chosen were: 

Diablo clay adobO) a residual soil. 

Altamont clay loam, a residual soil. 

San Joaquin sandy loam, an '‘old valley filling {old alluvial soil). 

Hanford fine sandy loam, a recent alluvial soil. 

The first task was the collection of the samples of soil for study in the labora- 
tory and in the greenhouse. Of course, there were kept in mind the errors and 
difficulties involved in the collection of representative samples. The selection of 
the localities in which to collect samples was frequently made in consultation with 
the persons who had originally mapped the areas under the Bureau of Soils. 
This was done so that the soil chosen might as nearly as possible represent what 
the surveyor had in mind as characteristic of the type within the area. It was to 
be expected that the ideal tyj)e which one man would use as a guide as he did the 
mapping in one area would not always be identical with that which another man 
might use in mapping auother ar<*a, despite the aid of the inspector in keeping the 
ideal tj'pes of the field men as nearly alike as possible. Some of the accompanying 
index maps, showing the places where the soil samples were collected, are dupli- 
cates of the same locality. As the dates show, one is a portion of a less recent, 
and the other of a more recent survey. In many cases the index maps have been 
copie<l from the manuscript maps, a number of surveys in this state not yet being 
puldished. For a discussion of the differences in these maps, see below the section 
on The Criticism of the U. S. Bureau of Soils Method of Surveying. 

Not only were the field men questioned about the locality, but as nearly as 

po. ssible an exact designation was obtained on the soil map itself. In the collec- 
tion of some of the samples the writer had the good fortune to have the assistance 
of the man or men w'ho actually mapped the soils in question. Sometimes there 
was no trouble at all in locating a typical body of the soil where a sample might 
be taken. On the other hand, as in the case of the collection of the Hanford fine 
sandy loam from Woodbridge (nos. 15 and 16), more than two hours were spent 
in driving about, trying to find a place that seemed a typical fine sandy loam. 
Experience shows that the personal equation in field work is very important and 
is hard to control. <5 

No special att<*mpt was made to obtain virgin soil, for the typos of soils that 
had been selected for study were mainly agricultural, and most of the soils have 
been at some time under cultivation, if they are not now. Also, there has been 
little, if any modification of the agricultural soils by the addition of fertilizers. 
Hence the small tracts of the Hanford fine sandy loam, for instance, that are still 
virgin are largely non-agricultural, waste land areas, and would not illustrate the 
properties of the type as a whole. Not so large a part of the San Joaquin sandy 
loam is under cultivation now, though almost all of it has been farmed to grain 
in the past. The two minor types studied, the Altamont clay loam and the Diablo 
clay adobe, being of residual origin and occupying rolling to hilly or mountainous 
land are also not very extensively farmed. The topography is the limiting factor 
in most cases. 

"Fippin, E. O.. Practical Classification of Soils, Proc. Amer. Soc. Agron., vol. 8 (1911), 

pp. 76 - 89 ; Increasing the Practical Eificiency of Soil Surveys, Proc. Amer. Soc. Agron., 
vol. 1 (1907-1909), pp. 204-06. 
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The ideal way to collect a represeotative sample of soil for laboratory studies 
is to make a uumber of borings scattered about the field or fields, so that the sam- 
ple will approximate an average. But in the case of collecting the samples for this 
study it was considered best not to attempt such a i)rocedure, for the reason that 
it was desired to have the samples for the greenhouse work and for the physical, 
chemical, and bacteriological studies, come from the same lot of soil. The collec- 
tion of such a large amount of soil, about 2o0 pounds in all, from a number of 
places about the selected field would be very tedious. Hence as nearly a typical 
place ns possible was selected, close to a wagon road, in order that the samples 
could be transported readily. Care was used that the location bo far enough out 
into the field to allow the sample to be representative of the conditions in the field. 

The subsequent procedure was as follows: The selected spot was cleared of 
grass or other surface material or accumulation that did not belong to the soil. 
A hole was dug, usually one foot deep (the depth depending entirely upon the 
nature of the surface soil and any noticeable changes toward the subsoil), and 
big enough to give sufficient soil to make up the greenhouse sample of from 225 
to 250 pounds. The soil was shoveled directly into tight sugar or grain sacks, no 
attempt being made to mix the sample at this time. Some sacks of the soil would 
contain more of the surface material, and others more of the lo\\er porti(m, but a 
later thorough mixing and screening at the greenhouse gave a uniform sample. 
After the large sample was collected, the hole was usually dug two feet deeper, 
giving a hole three feet deep. One side of this holp was made X)erpendicular, an<l 
from this side the small samples -were collected. The A, B, and C horizons were 
marked off on this wall, and the samples collected by digging down a uniform 
section of the designated portion, using a geologic pick and catching the loo.sened 
material on a shovel. About ten pounds of soil were so collected, and placed in 
clean, sterile canvas sample sacks. Care was used not to contaminate the samples, 
so that the bacterial flora might remain nearly unaltered. It seemed imprac- 
ticable to attempt to collect the laboratory sami)le under absolute 8t<‘rile condi- 
tions, especially since some of the deeper (B and C) samples were obtained by 
moans of the soil auger. When the auger was used to collect thi* siimples from 
greater depths the boring was done from tho bottom of the hole made in collect- 
ing the larger sample. The size of the laboratory sample required the boring of 
five or six holes with the usual 1.5 inch soil auger. The laboratory sample of the 
first foot, or the A sample, was ahvays collected from the side of the large hole. 
Notes regarding the sample, field condition, the iilace of ^^ollection, together with 
photographs and marked maps are given in appendix B. 

As described above, the soils were collected in separate portions from the sur- 
face to the 12 inch, from the 12 to 24 inch depth, and from the 24 to 36 inch 
depths where there were no abrupt or marked changes in the color, texture, or the 
like, as in the Hanford fine sandy loam. But since in some cases, as most fre- 
quently in the San Joaquin sandy loam, the samples do not represent the first, 
second, or third foot ‘depths, as the case might be, the term, horizon, has been 
us< 1. Horizon A indicates the surface sample, horizon B the second sample, and 
horizon C the third sample. 


Laboratory Preparation op Samples 

The large samples were stored in the greenhouse until ready for use. The lab- 
oratory samples were allowed to remain in the sacks until air dry, when they were 
passed through a 2 mm. screen. This was a difficult matter, with the heavy soils, 
as well as with the heavy subsoils of the San Joaquin sandy loam. Cautious use 
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of the iron mortar was noressary to supplement the rubber pestle.*® The samples 
were thoroughly mixed after screening, when they were weighed and placed in 
sterile containers — glass jars and large bottles. Precautions were taken as far 
as possible to avoid contamination of the samples during this preparatory process. 
The screens, mortars, scoop, and pans were tlamed out between 8ampl(‘s. Obvi- 
ously contamination could not be avoided absolutely without too great a prolonga- 
tion of the work. 

The material not passing the 2 mm. screen was subsequently washed on the 
screen, with a stream of •water to remove the finer mat(‘rial. The residue not 
passing the screen by this treatment was dried and weighed. It seemed unneces- 
sary to adopt elaborate precautions, like those described by Mohr,*^ to obtain the 
exact (|uantitie8. 


Mkohanjcal Analysis 

The Hilgard elutriator was used for the puri>ose of making the mechanical 
analysis of the samples (surfac(‘ horizon only). For the purpose of this w'ork 
the nudhod <Jescribe<l by Hilgard*** has been modifie<l in several respects. The i)re- 
liminary ju’oparation by sifting through the 2 inin. sieve in the dry state, and 
through the 0.5 iniri. sieve by th(‘ aid of water was used. One }»un<lred grams -was 
sifted wdh the 0.5 inm. sie\e, ami the fine material plus the water -was evaporated 
to dryness on the nater bath. The dry material Avas broken up and from this 
th<‘ samplers were weighed out for the anahsis. 

The samples were not disint(»grated by boiling, since it was believed that .such 
tr<^utm<*nt AVonJd affect the ‘^colloid” content of the sample. Instead, the samples 
W(‘n* shaken with water in sterilizer bottles for three hours, similar to the treat- 
ment prej»aratorv to the mechanical analysis by the Bureau of Soils method. 
Hov\<‘vei‘, not boiling the samples caused more work later. 

The colloitlal clay was removed by placing the previously shaken sample in a 
large })r<‘cipitating jar and stirring up with several liters of distilled Avator. (Dis- 
tilUMl water was used throughout the analysis.) The quantity of AAater was not 
important, but rather tlie depth of the suspension, AAhich Avas 200 mm. After 
alhtwijig to stami for 24 hours the sux>eriiatant turbid water AAas siphoned off, 
AAhen the residue in the bottom of the jar Avas again starred up Avith AAater aud 
the clay again all<»Ave<l to settle out of a 200 mm. column. This Avas repeated 
until the supernatant Vujuid contained practically no material in suspension after 
standing for 24 hours. The clay su.speiisions were placed in large enamehvare 
preserving kettles, and the solutions reduced in volume by boiling. The final 
evaporations Avero earrievi on over the w’ater bath, so as to avoid too high a tem- 
perature. 

A large portion <»f tin* finest se«liment (0.25 mm. hydraulic value) Avns removed 
as folloAvs: Aft(»r the greatest portion of the clay had been removed by tlie 24 
hour sedimentation and decantation, the sample was placed in a 1 liter beaker and 
stirred up wdth sufiicient water to make a 100 mm. column. Alter standing 6 
to 8 minutes the suspended material Avas decanted off. This was repented until 
the superiiatant solution was practically clear. The entire time for these decanta- 
tions usually occupied 2.5 or 3 hours. The decanted material was allowed to stand 
for 24 hours, as i)eforc, aud the 200 mm. column decanted as Avith the original 
clay suspension. This was continued until the clay AA'as practically all removed. 

Calif. Agri. Exp. Sta , Circ. 6, June, 1903. 
liuH. Dept, Agr. Indes Neerlnnd., no. 41, 1910. 

Calif. Agr. Kxp. Sta., Circ. 6 (1903), pp. 6-15; see also Wiley, Agricultural Analysis, 
vol, 1 (1906), pp. 246-62. 
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The residue constituted the main portion of the 0.25 mm. hydraulic value 8ep< 
arate. The residue from the 6 to 8 minute decantation was placed in the elutri> 
ator, and separated by the usual method into the various sizes. Since, however, 
the sample was not prepared by boiling previous to the separation of the clay, the 
clay was never as thoroughly removed from the coarser particles and the finer 
ag^Pfrate particles were not completely broken down. Hence when the sample 
was placed in the elutriator and subjected to the violent agitation of the stirrer 
an appreciable amount of clay passed off with the finest separate. Therefore, 
instead of allowing the water to return to the carboy from the settling bottle, 
during the running off of the finest separate, the following procedure was em- 
ployed; The water was run into precipitating jars and allowed to stand for 24 
hours, and the clay water was then decanted off and boiled down with the other 
clay water. 

A further modification of the Hilgard method was found advisable after the 
change from the large elutriator tube to the small one, preparatory to running off 
the coarser separates. The mechanical defects in the elutriator always allowed 
for the collection of a portion of the sample in crevices where the stream of water 
could not reach to carry off the particles. Hence, when the large tube was 
removed, and cleaned, there was found an appreciable amount of the finer sedi- 
ments that had not passed over. These were all added to the small tube of the 
elutriator, and the additional material of the smaller sizes run off, using an hour 
or so for each size. This seemed a better method than the separation of such 
sediments by the beak(‘r method, as was done by Dr. Loughridge. 

The separates, after decanting most of the water, were dried first on the water 
bath and later in the drying oven at 100®C-110®C and weighed. All of the deter- 
minations were made on the wuter free basis." 


Additional Physical Determinations ’ 

Upon the surface or A horizon samples of the 24 soils considered in this study 
additional physical determinations were made by the Division of Soil Technology, 
through the courtesy of Professor Charles F. Shaw. These determinations were 
of the mechanical analysis by the Bureau of Soils method,'* of the moisture equiva- 
lent by the Briggs and McLane method,*’ and of the hygroscopic coefficient accord- 
ing to Hilgard ^s method.** 


Chemical Methods 


At first the chemical work was based upon the strong acid extraction’’’ 
method, so well known through the work of Dr. Hilgard.** There are some very 
pertinent objections, as well as advantages, to the method of acid extraction for 
the purpose of comparing soils among themselves.'* 

In the a-alysis 2.5 gram samples, air dry, were used throughout. The acid 
extraction results are not included in this paper. 


to emphasize the tedium of the elutriator process, and to advise 
elntrll^r the apparatus for the comparison of the soils as to texture. The 

tin ® excellent from a theoretical point of view, but the results do not at all warrant 

the extravagant use of time in the laboratory that the apparaturrequires warrant 

"U. S. Bur. Soils, :»>ull. 84, 1912. 

Bull. 45, 1907; Proc. Amer. Soc. Agron., vol. 2 (1910), pp. 188-47. 

«Cahf. Agr. Exp. Sta., Circ. 6 (1903), p. 17; Soils, pp. 197-99. 

•Calif Agr Exp. Sta., Circ. 6 (1903), pp. leflP; Soils, pp. 840ir. 

«S€e Hissink, Intern. Mitt, fiir Bodeukunde, vol. 5 (1915), no 1 
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The sodium peroxide fusion method” was carried out on the two larger series 
of soils, the Hanford and the San Joaquin. The elements sought were phosphorus, 
calcium, and magnesium. Five gram samples, air dry, were used throughout. 
The general method of analysis, as set forth by Hopkins, was employed, though 
there were a number of refinements used to increase the accuracy of the results. 
As such might be mentioned the double precipitation of the iron, aluminum, and 
phosphorus. 

Phosphorus was determined volumetrically, according to the method of Hib- 
bard.” 

Total nitrogen was determined by the modified Gunning-Kjeldahl method, 
using ten gram samples. 

Loss on ignition was determined upon the 10 gram, air dry samples that were 
used for the determination of the hygroscopic moisture of the samples used in 
the chemical analysis. The soils were ignited in a muffle furnace to constant 
weight. 

Humus was determined by the Grandeau-Hilgard method,” using 10 gram 
samples, air dry. 

Potassium was determined by the J. Lawrence Smith method, using one gram 
samples. 


Bacteriological Methods 

The only bacteriological methods employed were the determination by the tum- 
bler or beaker method of the ammonifying, the nitrifying, and the nitrogen fixing 
powers of the soils.” All cultures were run in duplicate. 

Ainmonitication tests were made using 50 grams of soil and 2 grams (4%) of 
dried blood. The checks were distilled at once, and the cultures kept in the incu- 
bator at 24®C/~30®C for one week. (The incubator thermostat was unsatisfactory 
in its action, hence the variation in the temperature.) 

The nitrifying power of the soil was tested as regards the soil’s own nitrogen, 
dried blood, cottonseed meal, and ammonium sulfate. In the Diablo clay adobe 
and the Altamont clay loam 50 grains of soil -were used, to which was added 1 
gram (2%) of dried blood, or of cottonseed meal, or 0.1 gram (0.2%) of am- 
monium sulfate. In the case of the San Joaquin sandy loam 50 grams of soil were 
used, together with 1 gram (2%) of dried blood or of cottonseed meal, or 0.2 gram 
(0.4%) of ammonium sulfate. In the series run on the Hanford fine sandy loam 
100 grams of soil were used, to which were added 1 gram (1%) of dried blood or 
of cottonseed meal or 0.2 gram (0.2%) of ammonium sulfate. It is to be regret- 
ted that the several series could not all be run on exactly the same basis as the 
Hanford series. But the small amount of stock soils of the samples of the earlier 
series precluded the use of larger original samples, not to speak of the impossi- 
bility of repeating these series. The cultures were incubated for four weeks at 
24®C-30®C. At the end of this period the cultures were dried in the oven at about 
OO^C and the nitrate content determined by the phenoldisulfonic acid method 
according to the modifications of Lipman and Sharp.” 

Nitrogen fixation. For this determination uniform quantities of soil were 
used throughout — 50 grams, to which was added 1 gram of mannite. These cul- 

” Hopkins, Soil Fertility and Permanent Agriculture, pp, 630-88 ; Hopkins and Pettit, 
Soil Fertility Laboratory Manual (Boston, Ginn, 1910), pp. 42-45, 

“Jour. Ind. Eng. Chem„ vol. 5, pp. 993-1009. 

“Calif. Agr. Exp. Sta., Circ, 6 (1908), p, 21. 

“ Burgess, P. S., Soil Bacteriology Laboratory Mantial, Easton, Pa., The Chemical Pub- 
lishing Co., 1914. 

“Univ. Calif. Piihl. Agr. Sci., vol. 1 (1912), pp. 21-37. 
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tures wore incubated for four weeks at 24“0-30®C, at the end of w^hich time bac- 
terial action was stopped hy drying in the oven for 24 hours. Subsequently, the 
samples were broken up in a mortar, and 10 grams weighed out for the determina- 
tion of the total nitrogen. 


Pot Cultures in the Greenhouse 

The large samples of the surface foot of soil 'were stored in the greenhouse 
until used. The preparation of the samples was in most eases as follows: The 
sample was placed on a large table and screened through a quarter inch sieve. 
This treatment of screening was attempted with the Diablo clay adobe and the 
Altamont clay loam, but was abandoned as practically hopeless. The samples of 
these two tyi)es had been collected in the late summer, when the ground was very 
hard and dry, hence the (dods defied any efforts to break them up. As an alterna- 
tive the vsamples were as thoroughly mixed as possible and weigheci out into the 
pots. Beveral waterings during a week, together with carefully breaking up the 
lumps by hand, rendered the soils finely divided enough to permit the planting of 
the seeds. The Hanford and Ban Joaquin types were readily screened. 

All the soils were weighed out into nine inch flower pots. In most cases the 
pots had been previously paraffined. Care was taken to clean the pots thor- 
oughly, as far as surface material was concerned; many of the pots were 8crubi>ed 
'Nvith a brush and watei. All previously used pots were examined to exclude the 
use of such as had formerly been used for soils containing high percentages of 
soluble salts, but such examination was not ahvays successful in eliminating the 
undesirable pots, as Avas afterAvards evident. In the Diablo, Altamont, and Ilan 
ford soils the quantity of soil used Avas five kilos per pot. In the San Joaquin 
soils six kilos Avere used. 

Enough soil was colh'cted to fill eighteen pots. This ,Avould alloAv for the 
arrangement of six sets of triplicates of every sample; and the planting of a dif 
ferent crop in each of the sets w^ould alloAv for the growing simultaneously of six 
different crops on every soil. For example, there Avere placed together in the 
greenhouse and considered as a unit in the culture Avork the series of the Diablo 
clay adobe, including three pots of the sample taken from San Juan (’aj)istrano, 
three from that taken near Los Angeles, three from that of the San Fernando 
valley, and lastly three from the sample taken in the Danville region. This group 
of pots was planted to oars, barley, bur clover, or any one other crop. The pots 
were kept together in the greenhouse, that the conditions for each one in the set 
would be as nearly uniform as possible, for even a slightly diff(*rent location in 
the greenhouse was found to affect the crop appreciably. The other five sets of 
pots were similarly treated. No fertilizing materials w'ere added to any of the 
soils. All were used in their normal condition. The aim was to compare the crop 
producing power of the representatives of a given type of soil from various 
localities. 

Several ’rops were groAvn, as the desire was to get a series of plants that 
would grow Avell uinler greenhouse conditions, and act as indicators. It was 
known that barley was about the best crop to use, but supplementary plants were 
desired. Barley, wheat, oats, rye, millet, milo, cowpeas (black eye beans), soy 
beans, beans (small white), bur clover (Medwago dcnticulata) y sweet clover (Meli- 
lotus indica), and jats and bur clover in combination were tried. Some were 
a marked success under greenhouse conditions, and others were practically total 
failures; the better crops were given by barley, soy beans, bur clover, and millet. 
Sweet clover gives excellent results. This wide range of varieties of plants was 
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necessary because of the fact that it was desired to grow two crops a year on the 
soils. The winter crops will not do well in summer, and vice versa, even though 
the summers in Berkeley are relatively cool, and though the gr(*pnhouse was 
whitewashed during the summer months. 

The seed was obtained in most cases from the Division of Agronomy of the 
Department of Agriculture of the University of (California. 8uch varieties as 
were not available from this source were obtained from the commercial seed 
houses in Han Francisco. 

Usually the seed was planted directly in the pots, using sufficient seed to be 
sure that enough would germinate and grow to give the desired number of plants 
per pot, usually six. After the plants were well established, and before there was 
any crowding in the pots, the plants were tliinned. In some eases an insufficient 
number of plants germinated to give the desired number per pot. Difficulty w'as 
found in getting the soy beans and cowpeas to germinate, especially in the 
heavier soils. This was overcome by sprouting the seeds in an incubator and 
planting them when the radicle was half an inch long or more. An excellent stand 
was thus obtaine<l. 

No actual inoasurementH of the height of the plants, or the length of leaves 
w'ere made in the greenhouse work. But photographs w^rc taken, and in these 
photographs the attempt was made to secure representative records of the entire 
series, without photographing the erop in every pot. The usual procedure in the 
Altamont and Diablo series was to photograph two pots out of each set of tripli- 
cates, au attempt being made to select average, represontaiive pots. In the large 
Hanford series one representative pot of each set of triplicates in each ciop 
s<‘ries was photographed, and three representative sets of tri})lieat(‘H were also 
photographed. Thus some of the pots appear twice, and allow of coinparisoiivS. 

If any doubt be entertained us to the relative weights of the crops in the jiots 
photographed as coinpaT’cd wdth those not so recorded, the relative weights of the 
crops may be easily obtained by referring to the tables of dry weights. In prac- 
tically every case the pot label can be rea<l from the phoiogiaph. The uietho<l of 
labeling is exemjilified as follows: 

() Hoil sample no. <1 (Diablo clay adobe from Danville). 

W Wheat, first crop. 

2 Dot 2 of the tri])licate set first jdanted to wheat. 

rP Oowi>ea8, second cro]>. 

During the growdh of the crops, notes were taken as to the relative growths and 
the general conditions of the plants. 

When the crop had ceased growing it was harvested, whether or not it was 
mature in the sense of having set and developed seed. Tin* plants from a given 
pot w'ere put in a pajier bag, labeled, and placed in the drying oven for 24 hours. 
The plants were weighed when dry and cool. Tf any matun* s(*eil was prothicetl 
it w'as 'weighed separately. 

Between the first and second crops the soil 'w^as allowed to rest from two to 
three weeks or longer. Each pot w'as ein]>tied and the soil ]>assed through a 
quarter inch screen before replacing in the pot. This broke up the lumps and 
removed most of the roots. The roots were not saved. The weight of the roots 
would have been interesting, but their recovery, especially from the heavy soils, 
would have involved careful 'W'ashing, and the loss of much of the soil. It was 
thought tliat some washing would be necessary, even in the Hanford sorie'l, in 
order that the resulting figures might be at all accurate. 
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APPENDIX B 
SOIL SAMPLE LOCATIONS 
Field Notes on the Soil Samples Collected 
No, 1 — Diablo Clay Adobe 

Location: A little over a mile east of San Juan Capistrano, Orange County. On 
the lower slopes of the hills to the south of San Juan Creek, Sample sta- 
tion is on a little shoulder running northwest, between Mr. Echenique’s 
house and the fence following the road to Prima Deshecka Canada. Ap« 
proximately one-quarter mile from the above house. 

Soil: 0~12 inches — Dark gray adobe; much cracked. 

12-36 inches — Soil becomes gradually lighter in color, approaching a light 
bluish gray mottled with brown. 

36 inches — The subsoil becomes a silty clay loam in the lower depths. 

History: The field was pastured up to and including 1906. From 1907 to date 
the field has been annually planted to barley. Data from Mr. Bchenique, 
the owner. Sample collected August 19, 1917. 

Depths of horizons: 

1- A 0-12 inches. 1— B 12-24 inches. 1-C 24-36 inches. 

No. t — Dwblo Clay Adobe 

Location : One and Ihree-ciuarter miles east of southeast of Eastlake Park, Los 
Angeles. Station is 0.7 mile by secondary road south of Pacific Electric 
railroad crossing, and 1,2 miles southeast of the Southern Pacific railroad 
crossing. Station is about 150 feet up the hill to the west of the road, in 
grain field, and 75 feet south of a 10 or 12 year old eucalyptus grove. 
The road, going south, emerges from the grove, and is then fianked by pep- 
per trees. 

Sod: 0-12 inches — Dark gray to almost black, but with a shade of brown rather 
than a bluish gray. 

12-24 inches — Dark grayish brown clay adobe, becoming a little lighter with 
depth. 

24-36 inches — Dark brown with soft, whitish fragments. Fragments probably 
the partially weathered parent rock, though no outcrops of the rock wore 
seen in the vicinity. I’revious to the collection of the sample, Mr. E. C. 
Eckman, wliO mapped the area as the Bureau of Roils representative, said 
in substance: *<We have no good Diablo in the area; the body I am 
directing you to is as good as any, but it is pretty brown. ' * 

History: Property owned by Mr. Huntington. Fanned to grain the past 2 
vears; pasture previously. Data from the son of the tenant. Bamplo col- 
lected August 20, 1915. 

Depths of horizons: 

2- A 0-12 inches. 2-B 12-24 inches, 2-0 24-36 inches. 

^ No, 3 — Altamont Clay Loam 

Location: 1.4 miles southeast of Walnut, Los Angeles County, on the shoulder of 
a low hill, about 200 feet east of the wagon road running south through 
the hills. The station was selected so that the texture was about right, 
for in a very short distance there were variations from a heavy dark clay 
loam or clay adobe to the light clay loams. 
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Soil: 0~36 inches — A medium textured brown friable clay loam. The soil column 
throughout was more or less filled with small soft whitish fragments, por- 
tions of the parent rock. 

36 inches — The weathered parent rock was encountered. 

History: A. T. Currier, owner. The field is in pasture, and has not been culti- 
vated for forty years, to the knowledge of the ranch foreman. The soil is 
probably virgin. Sample collected August 20, 1915. 

Depths of horizons: 

3-A 0-12 inches. 3-B 12-24 inches. 3-C 24-36 inches. 

No, 4 — Altamont Clay Loam 

Location: On a hillside a few feet above the Cahuenga Pass (Burbank road), 
near Oak Crest, Los Angeles County. Just a few feet from the U. 8. 
Bureau of Soils station for the type in the San Fernando area. (For map, 
see the map under sample no. 25.) 

Soil: 0-14 inches — A dark brown clay loam. 

14-36 inches — A yellowish brown loam, grading into the weathered, thin bed- 
ded shales at about 36 inches. 

History: Boadside, above the big cut on the road, probably never tilled. The sur- 
face is not so steep but that it could be well tilled; some of the soil in 
the immediate vicinity is cultivated to grain. Sample collected August 21, 
1915. 

Depths of horizons: 

4~A 0-12 inches. 4-B 12-24 inches. 4-C 24-36 inches. 

No, 5 — Diablo Clay Adobe 

Location : About Ms a wiile north of Calabasas, San Fernando Valley, Los Angeles 
County. The station is some distance up the hill to the west of the road 
nmiiing north from the Calabasas store. The sample was collected near 
the top of the hill, to the northeast of the oak tree. 

Soil: A dark gray to black typical clay adobe. Distinctly heavy. Digging was 
very difficult, the soil coming up in large, very hard clods. The soil was of 
about the same color and texture down to the bedrock at 26 inches. The 
bedrock is a heavy claystone or shale. 

History: John Grant, Calabasas P. O., owner. The land has been dry farmed 
to grain. Presumably there had been no additions of fertilizing materials 
to the soil. Sample collected August 21, 1915. 

Depths of liorizons: 

5 -A 0-14 inches. 5-B 14-26 inches. 26 inches. Parent rock. 

Na, 6 — Diablo Clay Adobe 

Location: In Contra Costa County, % mile west of Tassajero; 6 miles east 
and a little south of Danville. Station about 150 feet up the hill to the 
south of the road, that is, about one-third of the way up the hill. 

Soil: 0-34 inches — A black or dark gray clay adobe, moist at 10 inches. 

34-72 inches — A dark grayish brown subsoil, becoming lighter below the third 
foot. No bedrock within the 6 foot section, nor vras there any sign of any 
outcrop in the vicinity. The slope of the hill moderate, the exposure 
north. The sample was collected with the assistance of Mr. L. C. Holmes 
and Mr. E. C. Eckman, both of the U. S. Bureau of Soils. They pro- 
nounced the station typical. 
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History: Property owned by J. J. Johnson. The field has been farmed to grain 
for probably 60 years. Formerly the rotation was pasture one year, and 
grain one year; now the practice is grain two years, and pasture one year. 
Sample collected September 2, 1915. 

Depths of horizons: 

6-A 0-12 inches. 6-B 12—24 inches. 6-C 24-36 inches. 


No, 7 — Aliamont Clay Loam 

Location: On the Mission Pass road, a little less than 2 miles south and a little 
west of Sunol, Alameda County. About 100 feet above the road, between 
wooden electric power poles nos. 92/30 and 92/31. 

Soil: 0-34 inches — A medium brown clay loam, considered typical by Mr. L. C. 
Holmes and Mr. E. C. Eckman of the XT. S. Bureau of Hoils. There w(‘re 
slight changes in texture. 

34 inches — A stiff clay horizon. 

inspection of a deep cut on the roadside near the location of the sarni)Jc 
station showed that at 6 feet and deeper there existed a heavy reddish clay. 
In the immediate locality the road sections showed that the parent rock 
was deeper than the 6 foot section. The slope of the laud at the sample 
station was quite steep. 

Eislory: Tom Burns, Irvington, owner. Field has beu*n in pasture for the past 3 
jears at least, and probably for a much longer time. Sample collected 
September 2, 1913. 

Dtpths of horizons: 

7“A 0-12 indies. 7-B 12-2f inches. 7-(’ 24-36 inches. 


No. 10 — Han Joaquin Handy Loam 

Location: North Sacramento, Sacramento County; i/4 mile cast of tile factory, 
across the road; opposite poles 57/32 and 57/33, 75 feet southeast from the 
State Highway. 

Soil: 0 26 inches — A brownish red sandy loam, slightly hog wallowed, and very 
slightly rolling. 

26 'h) inches — A sandy day loam. 

36 inches — A hard hardpaii. 

History: Owuier not kiiowm, the district now being subdivided, the property being a 
portion of the old Hagan Grant. A near-by resident gave the following 
information: ''The land has not been cultivated for the past 15 years or 
more. The land is said to have been farmed to grain at one time for a few 
years, but the 'soil is too light for wheat, it grows nothing but filaree. ^ 
The principal use has been for cattle and sheep pasture. Sample collected 
Mardi 28, 1916. 

Depths of horizons: 

10 'A 0-12 inches. 10-B 12-24 inches. 10-C 24-30 inches. 

No. It — San Joaquin Sandy Loam 

Location: Foui miles west of Lincoln, Placer County, at the "Bead Corners,’^ 
in the southeast field, 10 feet east of the west fence and 60 feet south of 
the north fence. 
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Soil: A g6ntly hog wallowed, sandy loam, with some deeper depressions, prob- 
ably stream channels. Sample slightly gravelly. 

0-12 inches — Brownish or reddish brown sandy loam, 

12-17 inches —Sandy clay loam or clay, color the same. 

17-23 inches — A stiff reddish hrown clay. 

23 inches — A hard hardpan. 

History: Mr. Frank l)owd, owner. The land has been planted to wheat for the 
past 20 or 25 years; jjrevious to that time it was used for pasture. Six 
to 10 or 12 bushels of wheat, and 8 to 20 bushels of barley is the i^roduction 
of this soil ill the locality. The soil is usually fallowed on alternate years. 
Land held at from $30 to $50 per acre. Sample collected Mar<'h 28, 1910. 
Depths of lumcons: 

ll-A 0-11 inches. Il-B 11-17 inches. ll-(^ 17-23 inches. 


No, — San Joaquin Sandy Loam 

Location : About 6 miles AV(*st of Wheatland, Sutter County. Near a road coruer, 
in a little swale west of a knoll, 15 feet east of the westerly fence of field, 
and 150 feet south of the north line of the westerly road. 

Soil: Texture slightly heavy, and barely enough sand for a sandy loam, but the 
best found for several miles. Color browmish red, the same throughout the 
entire depth. 

0 18 inches — Light, fine textured, sandy loam. 

18-31 inches — Heavy sandy clay loam, running into a stiff clay. 

31 inches — Hardpan, sandy and somewhat soft. The ground was very 
moist at this time. 

History: Very evidently pasture for sheep and cattle. No signs of having been 
cultivated for several years, at least. The cover is of a number of lo^v 
annuals — Orihocarpus, Trifoltumf CtniaureOf and others. Sample collected 
March 29, 1916. 

Depths of horizons: 

12-A 0-12 inches. 12-B 12-18 inches. 12-0 lS-31 inches. 


No. JS — San Joaquin Sandy Loam 

Location: Three and three-quarters miles east of Elk Grove, Sacramento County. 
On the Sheldon road, about 30 feet northwest from the fence on the north 
side of the road. About 200 feet southwest from where a house formerly 
stood. 

Soil: A reddish hrown sandy loam, approaching a loam; becoming redder in 
color with increasing depth. 

0-14 inches — Heavy sandy loam. 

14-22 inches — Clay loam. 

22-29 inches — Heavy clay loam. 

29 inches — Compact hardpan. 

History: Wackman Brothers, Elk Grove, owners. The land has not been plowed 
or farmed for at least 15 years. The land is held at about $50 per acre. 
Sample collected March 30, 1916. 

Depths of horizons: 

13-A 0-12 inches. 13-B 12-22 inches. 13-C 22-29 inches. 
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No. 14 — Hanford Fine Sandy Loam 

Location: One mile southeast of the Sheldon road, 3^4 miles east of Elk Grove, 
Sacramento County. On the southwest side of the secondary road, in al- 
falfa field, about 25 feet from the fence. Station on a little rise. 

Soil: 0-11 inches — A medium brown micaceous heavy fine sandy loam. 

11-24 inches — A dark gray to black fine sandy loam, grading into the fol- 
lowing. 

24-36 inches — Brown fine sandy loam. Water table at 32 inches. 

History: Mrs. A. C. Freeman, Elk Grove, owner. Land planted to alfalfa. Good 
growth. No irrigation. Willows as well as alders and river ash along the 
sloughs. Many scattering valley oaks. The land is subject to overflow 
from the Cosumnes River, as it lies low in the river bottom, and shallow 
stream channels and sloughs are frequent. Sample collected March 30, 1916. 

Depths of horizons: 

14--A 0~12 inches. 14-B 12-24 inches. 14-C 24-36 inches. 


No, 15 — Hanford Fine Sandy Loam 

Location: North of Woodbridge, San Joaquin County, along the State Highway, 
less than ^ mile south of the road running westerly from Acampo to the 
highway. Station in a vineyard, with almond trees along the roadside, 20 
feet northeast of change telephone pole,’^ 200 feet north of pine tree 
at the gateway on the opposite side of the highway. (For map, see under 
sample 16.) 

Soil: Texture a rather coarse fine sandy loam; it was hard to find a good fine 
sandy loam. Color when moist was a medium brown throughout the 3 foot 
section; the field color was a light grayish brown. 

History: Mike Nolan estate, owner. The vineyard is of Tokay grapes, 10 to 12 
years old. The land is held at $300 to $400 per acre. It is said to be a 
losing game to farm this land to grapes at this valuation. Sample col- 
lected March 30, 1916. 

Depths of horizons: 

15-A 0-12 inches. 15-B 12-24 inches. 15-C 24-36 inches. 


No, 16 — Hanford Fine Sandy Loam 

Location: Along the road north of Woodbridge, San Joaquin County. In a young 
pear orchard about 65 feet west of the highway, and about 95 feet north 
of the north abutments of the bridge over Mokelumne River. 

Soil: A medium brown fine sandy loam, similar throughout the soil column of 
three feet. This soil is of the recent, flood-plain phase of the type, though 
this station is not known to have been under water for a number of years, 
at least. There is only a comparatively narrow shelf of this phase between 
the older, higher phase, and the river. 

History: A. Perrin, Woodbridge, owner. The land had always been in brush 
and pasture until it was cleared and planted to pears in 1911. Value 
about $500 per acre. Sample collected March 30, 1916. 

Depths of horizons: 

16-A 0-12 inches. 16-B 12-24 inches. 16-C 24-36 inches. 
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No, 17 — San Joaquin Sandy Loam 

Location: A short distance south of the east and west road that runs east to 
Thalheim^ Ban Joaquin County. The station was on a slight knoU 75 feet 
south of a canal, and the same distance east of the secondary road running 
north and south; not far from a vacant barn. 

Soil: 0-12 inches — Eeddish brown. 

12-24 inches — Slightly redder. 

24 inches — Hardpan. 

The surface had the characteristic hog wallows, and the usual scant vegeta- 
tion of grasses and herbs, ‘‘nlaree’’ being abundant; yet all vegetation 
was more abundant than that in pastured fields. 

History: Rev. Frank Hoffman, Acampo, owner. Apparently, the land has not 
been cultivated in recent years. Sample collected March 31, 1915. 

Depths of horizons: , 

17- A 0-12 inches. 17-B 12-24 inches. 

No. 18 — San Joaquin Sandy Loam 

Location: Two and one-half miles northwest of Madera, Madera County. Along 
State Highway, 75 to 100 feet southwest of the paved road, at telephone 
pole 92/29 ; across the highway from the driveway to the house. 

Soil: 0-5 inches — A light reddish brown sandy loam. A noticeable plow pan at 
5 inches. 

5-24 inches — A light brownish red sandy loam, becoming heavier below. 

24-30 inches — Quite compact heavy sandy loam. 

30 inches and deeper — A very compact hardpan. 

Topography very gently rolling, hog 'wallows well developed, though consider- 
ably degraded by cultivation. Barley grain not gro'wing well in the lower 
spots. 

History: Cropped for probably 20 years to grains; barley at present. Land used 
for pasture prf’vious to grain farming. A good yield is 8 sacks, varying 
from that dowm to little or nothing. Miller and Lux, owners. Sample col- 
lected April n, 1910. 

Depths of horizons: 

18- A 0-12 inches, LS-B 12-24 inches. 18-C 24 30 inches. 

No. 19 — Hanford Fine Sandy Loam 

Location: Eight miles east of Waterford, Stanislaus County, near Robertas Ferry 
bridge. About 75 feet w'est of the road that runs south from the bridge 
onto the bluff. About 450 feet north of the driveway to the Sawyer place. 

Twenty-five feet inside of the fence, in the alfalfa field. 

Soil: Medium brown fine sandy loam; a good browm color w'hen moist. Texture 
somewhat variable, some, rounded gravels up to the size of a hen’s egg. 
Topography undulating, and more or less terraced, due to the old stream 
channels. 

History: G. H. Sawyer, Waterford, owmer. Alfalfa planted in 1915, looks well. 
Land previously planted to barley and wheat, with a production about as 
follows: barley, 14 sacks is considered good; wheat with 12 sacks is good, 
with 6 sacks a low average. Value of the land as recently determined in 
court, in a case of flood damage by a canal break, is $100 per acre. On an 
adjoining piece of land young walnut trees are doing very well. Sample 
collected April 11, 1916. 

Depths of horizons: 

19- A 0-12 inches. 19-B 12-24 inches. 19-C 24-36 inches. 
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No, fSO — Hanford Fine Sandy Loam 

Location: Near Hopeton, Merced County, 14 miles north of Merced. Less than 
mile north from the road comers, 15 feet east of the east fence of the 
road, and 150 feet south of irrigating ditch. 

Soil: A good medium brown fine sandy loam. The color is especially good when 
the soil is moist. The topography is slightly uneven because of the old 
stream channels. Going north along the road from the cross roads the 
soil is quite gravelly at first, but the texture gradually becomes heavier, 
with less gravel. At the samide station the textu^-e is a rather heavy fine 
sandy loam. 

History: J. G. Euddle, Snolling, owner. The field is planted to alfalfa, as are 
most of the Hanford soils in the locality. The land is not subject to 
overflow. Sample collected April 13, 1916. 

Depths of horizons: 

2()-A 0-12 inches. 20— B 12-24 inches. 20-C 24-36 inches. 

No, £1 — San Joaqutn Sandy Loam 

Location: Near Nairn Station, Merced County. About 14 niilc west* of the rail* 
road, 50 feet north of the private ranch roati, and 120 feet east of tlie field 
gate across the road. About 4 miles northwest of Merced. 

Soil: A good brownish red San Joaquin color. Texture a sandy loam, grading 
into a clay loam or clay at about 24 inches. 

Depths of horizons: 

24-27 inches — A heavy clay. 

27 inches — Hardpan. 

The same was taken from near the top of one of the hog wrallow elevations. 
The topography is gently rolling. 

History: F. W. Henderson, Merced, owmer. At the j)reHent time the lan»l is used 
as pasture. It has been plow’cd at some time in the past. The i>resent 
growth of wild herbage (L( pidium^ small grasses, Cryptnnthff etc.) is 
meager. Sample ccdlected April 13, 1916. 

Depths of horizons: 

21-A 0-12 inches. 21-B 12-24 inches. 21-C 24-27 inches. 


No, 22 — Hanford Fine Sandy Loam 

Location: A short distance north of Basset, Los Angeles County, on the main 
road north from Basset station. The sample was collected in a walnut 
grove 100 feet east of the road and 250 feet south of the driveway to the 
ranch house. 

Soil: A good medium brown when moist, and a light grayish brown when dry. 
Mr. L, C, Holmes, of the U. S. Bureau of Soils, described the soil at the 
time of collection as being ‘‘all a little browner, and with a little more 
color than a good Hanford.'^ There was a very slight color change at 
about a foot, the soil below was grayer. Texture a good fine sandy loam, 
with practically no change in the 3 foot column. Topography smooth. 
The texture varies quite rapidly from place to place in the field. Some 
big washes of typical intermittent streams are found not far to the north 
and west. 
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History: C, N. Basset, of Basset and Nebeker, Santa Monica, owner. The land 
is planted to walnuts, and the trees are about 10 years old. They are 
doing well, some replants are found. The trees are irrigated. Sample col- 
lected May 22, 1916. 

Depths of horizons: 

22~A 0-12 inches. 22-B 12-24 inches. 22-C 24-36 inches. 


No, S3 — Hanford Pine Sandy Loam 

^Location: South and west of the town of Anaheim, Orange County. Within a 
radius of 20 feet of where the official Bureau of Soils sample was taken. 
Thirty feet east of side road, and 100 feet north of main east and west road. 

Soil: Browm fine sandy loam, possibly a little more silty than no. 22, but not 
heavy enough for a heavy fine sandy loam. Dry field color a light, grayish 
brown. Topography smooth, no stream channels visible. Irrigation in fur- 
rows. Soil similar to about 62 inches, a little more grayish at 18 inches, 
the change* being gradual. At 62 inches a gray clean sand, or fine sand, 
was found. 

History: S. J. Luhring, R. F. D. no, 4, owner. The field was planted to Valencia 
oraTiges in 1913; previously to grapes and miscellaneous crops. Sample 
collected May 23, 1916. 

Depths of horizons: 

23-A 0-12 inches. 23-B 12-24 inches. 23-C 24-36 inches. 


No, Si — Hanford Fine Sandy Loam 

Location : Southeast of the center of Los Angeles, half way from Magnolia Ave- 
nue on Fruitland Road, to Salt Lake Railroad on the east. South side of 
the road about 60 feet from center, in edge of corn field. Just across 
road from east end of east cypress trees. 

Soil: A medium brown fine sandy loam when moist; color in the field is a grayish 
brown. Micaceous, Topography level, no stream channels seen nearby, 
(’olor of body variable. Sample location in the browner phase. Toward 
south and east along the railroad and Arcadia Avenue the color is much 
grayer, and even black -when moist. Texture wdthin the body is very vari- 
able, though always wnthiu the fine sandy loam group. 

0 36 inches — Fine sandy loam, grayer below. 

36- 37 inches — Layer of grayish sand and fine sand. 

37- 72 inches — Fine sandy loam, heavier in streaks. 

Hisiorif: 0. I>. Templeman, R. F. !>. no. 2, Box 178, Los Angeles, owner. Land 
has been in truck for 10 or 12 years. Only fertilizer, barnyard manure. 
Sample collected May 24, 1916, 

Depths of horwons: 

24- A 0-12 inches. 24-B 12-24 inches. 2t~(^ 24-36 inches. 


No. So — Hanford Fine Sandy Loam 

Location: Near Van Nuys, Los Angelos County; near official sample station. 
Seventy -five feet west of center of road, between fourth aud fifth rows of 
apricot trees north from boundary. 
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SoU: A good medium brown fine sundy loam; tbe field eolor a grayirdi browfi^ 
The texture uniform throughout the B foot seotion, with a little gravel oeoa^ 
eionally* Also the texture is variable to about the u$ual degree^ in the 
field distribution. The color is slightly lighter at about 8 feet and below 
throughout the 6 feet, with a little variation in an inereasiag amount of 
coarser sands. * 

Eiatory: Chase, Kiverside, owner (f). Planted to apricots, 2 years old. Inter- 
planted to melons. Sample collected May 24, 1916. 

Depths of horiems: 

25- A 0-12 inches. 25-B 12-24 inches. 25-C 24-36 inches.* 

JVo. — San Joaquin Sandy Loam 

Location: On the high bluffs about 1% miles southeast of Bel Mar station, San 
Biego County, close to the road that runs back along the main ridge. About 
50 feet north of the road where it swings south to get around the head of 
the big arroyo from the north. 

Soil: A brownish red sandy loam. Surface covered with a moderate growth of 
the low chapparal common to these exposed ridges. Soil heavily laden with 
iron concretions. Surface has the usual hog wallows characteristic of the 
San Joaquin series. 

0- 6 inches — Reddish brown sandy loam, many concretions. Bry. 

6-13 inches — Clay (sandy), reddish in cracks, and bluish inside of lumps and 
where not weathered. 

13-22 inches — Clay, mostly bluish gray. 

22-38 inches — Boring very difficult, due to the heavy nature of the clayey 
moist material. Color bluish. 

About 40 inches — Hardpan. Very compact. , 

History: Probably never farmed. Recently streets cleared, and an attempt made 
to sell lots for building. Value for agriculture — none without irrigation. 
Sample collected May 25, 1916. 

Depths of horisons: 

26- A 0-6 inches. 26-B 6-13 inches. 26-C 13-22 inches. 
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A Mu\ in the frmMilumso, all the pot cultino ^\oik A\as ('anied 

on 'Pile (Mitiie iiolit hand beiu h ^^as dp\oted to tins stud^, also half .'i«rain as 
niiu h sj>a(< not Msilde in the jnint. 




Diauu) Ci \\ Aix)bf — First Crop 

Cots of sani< and (liff(*i(*iit uprosi iitativos of a i^ivin soil hpc eoiiiparod 
Fi^j 2 Oats Lott to rijjflit -Hod 1, pot 1 , soil J, jiot L sod "i, pot 2, sod (), 
pot 2. 









{ I \\ ViM)hF_PiKS| ( 


I’otsol sa,n< an.l .lilT.i.iit i. pn m iit .tn. ^ o< i s«,l ti,„ 

I'lii I litll (lo\.M L.tt t(l I1!.||) s,mI |,«t I soil 5, pot soil 1 pot 1 



DiMiio (’f \s Aihibf — First (^kop 


I'ots of saino ami (lifluont k piosontntuos of a gntii soil t\])o conijiuo.l 
Fij- J Jim (*]o\(M J.eft to Soil (i, pot 1, soil (), pot J, soil h, jiot .1 



Di \n o ( I \\ \i)«u T I iKsi t i< ti 


I (»ts ()1 S IIIK in 1 K lit I‘ |)M M lit itlM N (»t 1 ^1\( n soil t\ {K 
Pui (lo\(i lift to n^lit S)il 1, [>ot 1 soil J, ]»ot 2 soil 


i oil)]) in 1 
), pot J 





J)rvBio ( I Vdow — S rtoM) ( koi 

I’ots of sinu \ii(i (liffddit i< ])?( sent iti\< s of \ ^n\(n soil t ju (Oinpaitd 
Fi*: I 1>\\ Ilf inilo {(i) lollowin^ oits Left to ii^ht — Sul 1, | ot 2 
pot > soil J jiot I soil 2 , j»ot soil ■) j)ot 1 soil ■) }K)t -1 soil h, pot 2 


ii 






DiNBIO (TV’S AIHIBF— SkonD (’Re)p 

Lots of saiiu imi difli unt k piisdititiMs of .i ^ntii soil hpc (onipand 
Fi^ 2 Dwarf milo (/i)f ollowiiifi oitsjind Inn (lo\(i Left to ri«flit -Sod 1, 
})ot 1 soil 1, pot 1 sod 2 , pot 1 sod 2 pot 1 sod pot 1 sod "), jiot > sod (>, 
pot 1 , sod (), j)of 1 






VDODI ( pop 


Pots ot" ^ ini( oipI u lit n ]>i( snitatm s of i n soil t vpi (omjiiinl 
Pi^ 1 ( o\\|/( is lollowiiia \^lM It la ft to iiaht— Niil 1 j ot 1 soil 1, jiot J 

so 1 2 pot 1 s(ul J, p(it 2 soil pot I <^011 *) pot 2 soil (>, ]>ot 2 soil (i ]nt > 



Pi Via 0 ( i w ViHiiii -— 'skond ( pop 

Pots of same and diff print upiesiMitatnis ot a jiivoii soil tv])! (onipaiod 
2 Sin luaiis, tollovvuij; hailev la ft to n^lit- Soil 1 pot I soil 1, 
}iot 2, soil 2, ]iot 1 , soil 2, pot soil \ pot 1 , soil *>, pot 2, soil (), pot 1 , soil 0, 

]»ot 2 
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Ai/rvRioNT (’lay Loam — Second (-rop 


Pots of saim' and different rejwesontatives of a given soil type compared. 
Fig. 2. Soy beans B, following Phaseolua, Left to right — Soil o, pot 2; 
soil 3, pot 3; soil 4, ])ot 1 ; soil 4, pot 2; soil 7, pot 1 ; soil 7, pot 2. 
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Al I VMONT ( 1 \\ L(KAI— -SnoM) ( KOP 
. ot saiiu and difldMit k j)i< sc ntati\< s of a ^n\on soil t\jM tninpind 
1 I)\>art niilo iollowinj* wheat Lilt to ii^lit— Soil 1, pot 2, soil 
soil 4, jiot 1 , soil 4, pot 1, soil 7, jK)t 1 soil 7, pot ^ 




AiT\MOM ( 1 \\ IjO\M—SK()M) ( KOP 
l*ots ot Slim and diftmnt i(]»usintatR(s ot a i>iMn soil t^]u (oin])aied 
2 Dwait niilo V tcdlowinjy Imi ^lo^(T Lift to ii{>1i1 -vSoil », pot 1, 
1, ]iot 2, soil 4, pot 1 , soil 4, pot {, soil 7, pot 1 , soil 7, pot 5 




i A i. A A 




H VNFOKI) Fi\r S\\i)\ L()\m —First ( hop 
i’ots of sum 111(1 (liftddit n jntstiitati\(s of i <^^011 soil t\pi (ompniLil 
Fi^^ 1 IhN.ul milo \ L( tt to Soil 14, pot 2 soil 1*), jiot i soil lb, 

pot » soil lb pot > soil JO ]K)t 2 soil 22 pot i, soil 2> pot 1 soil 24, jiot 2 
soil 2', jiot 1 






f|t.i »J| ' l*! ' - • 1',. 

i A A ' n A" A 
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JIvnforpFim Swin Lo\>r — Firsi (hop 
I"ots ot sanu and diflirtiit rtpusditatni s ot a gnin soil t\po (ompaud 
Fijr 2 Duait milo A latt to light— Soil ll, })ot 1, soil I'l, pot 2, soil T), 
pot -1, soil 20, pot 1 , soil 20, pot 2, soil 20, pot 1, soil 2>, ])ot 1 , soil 2t, jiot 2 
soil 2^, pot i 






JIvNFoRi) Fink 8.\ni)V Loam — First Crop 
Lots of sainc ;ni<l diflVri'iit ro 2 >TvsoiitathTrt of a givoii soil ty ])0 (•oiii})arod. 
Fig. 2. l)^^{lrf iiiilo IL Loft to riglit—Soil 14, pot 1; soil 14, pot 2; soil U, 
})ot II; soil 22, }H)t 1 ; soil 22, pot 2; soil 22, pot II; soil 23, pot 1 ; soil 23, pot 2, 
soil 23, pot 3. 
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ITa\pokd Kinf Ijovm — First Crop 


]*ots of same aud different representatives of a given soil tyj)e compared. 
Fig. 2. Soy beans. Left to right — Soil 14, pot 1; soil 14, pot 2; soil 14, 
pot 2; soil 16, pot 1 ; soil 16, pot 2; soil 16, pot 3; soil 23, pot 1 ; soil 23, pot 2; 
soil 23, pot 3. 
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Hanford Fine Sandy Loam— First Crop 
Pots of satru* and difFeront reproseutatives of a jjivou soil type compared. 

Fi;^. 1. (’owpeas P. Left to rij^dit — Soil 14, pot 1; soil 14, ]»ot 2; soil 14, 
}>ot Ji; soil 22, })ot 1 ; soil 22, pot 2; soil 22, pot 3; soil 23, pot 1 ; soil 23, pot 2; 
soil 23, pot 3. 




Hanford Fine Sandy Loam— First Crop 
Pots of same and different representatives of a j^iven soil type compared. 
Fi^'. 2. Cowpeas R, Left to ri^ht— Soil 14, pot 3; soil 13, pot 2; soil K 
pot 2; soil 19, pot 2; soil 20, pot 2; soil 22, pot 2; soil 23, pot 2; soil 24, pot 1 
soil 23, pot 3. 





Hanford Fine Bandy Loam — Second Crop 


Pots of same and different representatives of a given soil type compared. 
Fig. 2. Barley, following soy beans. Left to right— Soil 14, pot 1; soil 14, 
pot 2; soil 14, pot 3; soil 19, pot 1 ; soil 19, pot 2; soil 19, pot 2; soil 19, pot 3j 
soil 23, pot 1 ; soil 23, pot 2; soil 23, pot 3. 
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Hvnford Fine S\nd\ L()\m — Second Crop 
Pots ot same an»l cliffoiont loprosentatnos of a p^ivoii soil typo eoiapared, 
Wlieat, folloAMiijj; iinllot. Loft to right — Soil 16, pot I, soil 16, pot 2, soil 16, 
pot 6, soil 22, pot 1 ; soil 22, pot 2, soil 22, pot 3, soil 24, pot 1, soil 24, pot 2, 
soil 24, pot 3. 





H V^F0R1) Fjne Lovm — SeCOM) (^ll)P 


I'ots ot same and difforcut lepiesentatives of a gi\on '^Oll type r'ompared 
Pi^. 2 Balle^, following eowpeas Lett to light — Soil pot 1, soil 19, 

])ot 2, soil 19, pot 3, soil 20, pot 1 , soil 20, pot 2, soil 20, pot 3, soil 23, pot 1; 
soil 23, pot 2, soil 23, pot 3. 






Hanpdrd Finf Sandy Loam— Second Crop 


Pots of same and different lepresentatives of a ffi\en soil type lompared 
Fig 2 Oats, following milo Left to right — Soil 14, pot 1, soil 14, pot 2, 
soil 14, pot d, soil 15, pot 1, soil 15, pot 2, soil 15, pot 3, soil 24, pot 1, soil 24, 
pot 2, soil 24, pot S 





IIwiioKD Fim- S\m)\ L()\m — Second Ckoi 
Pots of same and dififeniit u prest iit itn c s of i gi\cn soil hpe compared 

Mchlotus indua following cow|cas Lett to right — Soil 14, Pot 1 Soil 1), 
Pot ^ Soil 16 Pot 2 Soil p) Pot 2 Soil JO Pot J 
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llv^H)RD fe\\l)\ Lo\m— S rco^P Lkop 
Tots of sanu ami difttniit rqnesintatnts ol i soil hp( (oinpaml 

MdiJoiu^ itufua lolloiMii^i: (o^pt is Uit to -hoil 22, Pot 2 Soil 21 

J‘ot 1 Soil 24 Pot 1 Soil J1 Pot 1 




Hv^FORD Finf Rand\ Loam— Sfcond Ckop 










Pots of same and diffeient representatjves of a |?iven soil type compared. 
Mfhhtns indua, followiiif? cowjie^is. Left to right— Soil 1 ), Pot 1; Soil L), 
Pot 2, Soil 15, Pot 3; Soil 23, Pot 1. 
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IIanfukd Finf S\nd\ Loam — Slcond Crop 
I*oth of sanu' and diffoiont roprcsoutativea of a soil tjpe compared. 

Mildoins indna, follow iiiji eowpeas. Left to rijilit— Soil Pot 2, Soil 23, 

Pot d, Soil L'l, l^ot 1 , Soil 21, Pot 2, Soil 21, Pot 3 











:r 








Hankord Fine Sandy Loam— Second Crop 
Pots of same and different representatives of a given soil type compared. 

Bur (dover, following inilo. Left to right — Soil 14, Pot 1; Soil 15, Pot 1; 
Soil 16, I»ot 2; Soil 19, Pot 1; Soil 20, Pot 1. 
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Hanford Fine Sandy Loam— Second Crop 


Pots of same and difForent representatives of a given soil type compared. 
Bur clover, following inilo. Left to right — Soil lH, Pot 1; Soil 19, Pot 2; 
Soil 19, Pot 3; Soil 23, Pot 1 ; Soil 23, Pot 2. 







San Joaquin Sandv Loam 

Pots of saiuo and difforont representatives of a j^iveu soil type compared. 

Rye. Left to rif?ht-~8oil 10, pot 2; soil 11, pot 1; soil 12, pot 2; soil 13, 
pot 3; soil 17, pot 3; soil 18, pot 1; soil 21, pot 1; soil 26, pot 1. 




S\N J(>\Q11N S\ND\ LoVM 

i’ots of same and (tifFcrcnt u]>reseiitativts of a ^i\tn soil t>pe compaud 
Fig 2 Mtliloiub indua Lett to right -Soil 1 1, pot 1 , soil 13, pot 2, soil 13, 
pot 3, soil 17, pot 1 , soil 17, pot 2, soil 17, pot 1, soil 2b, pot 1 , soil 2b, pot 2, 
soil 2b, pot 3 




SiVN Joaquin Sandy Loam 

Pots of same and different representatives of a given soil type compared. 

Rye. Left to right— Soil 10, pot 1; soil 10, pot 2; soil 10, pot 3; soil 18, 
pot 1; soil 18, pot 2; soil 18, pot 3; soil 26, pot 1; soil 26, pot 2; soil 26, pot 3. 
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Joaquin Randy Loam 

l^ots of same and different representatives of a given soil type compared. 
Fig. 2. Barley. Left to right — Soil 10, pot 1; soil 10, pot 2; soil 10, pot 3; 
soil 18, pot 1 ; soil 18, pot 2; soil 18, pot 3; soil 20, pot 1; soil 20, pot 2; soil 23, 
pot 3. 







San Joaquin Sandy Loam 

Pots of same and different representatives of a given soil type compared 
Fig 2 Oats Left to right — Soil 11, pot 1, soil 11, pot 2, soil 11, pot 3, 
soil 17, pot 1, soil 17, pot 2, soil 17, pot 3, soil 21, pot 1, soil 21, pot 2, soil 21 
pot 3. 
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San JoAQi^iN Band^ Lovai 

Pots of Fame and different repreMcntatives of a given soil type lompared 
l^ig 2 Bur tlovcr Left to light — Boil 10, pot 1, soil 10, pot 2, soil 10, 
pot 3, soil 18, pot 1 , soil 18, pot 2, soil 18, pot 3, soil 26, pot 1, soil 26, pot 2, 
soil 26, pot 3 
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letins and Biennial Reports, edited by Professor Thomas Porsyth Hunt, Director of 
the Station. These are sent gratis to citizens of the State of California. For 
detailed Information regarding them address The Agricultural Bxperjbnent Station, 
Berkeley, California. 

BOTANY.— W. A. Setchell, Editor. Volumes I-IV, $3.50 per volume; volume V and follow- 
ing, $5.00 per volume. Volumes I (pp. 418), II (pp. 360), III (pp, 400), and IV (pp. 
397) completed. Volumes V, VI, and VII in progress. 


Voi 6. 1. Studies in Nicotiana I, b| William A. Setchell. Pp. 1-86; plates 1-23. 

December, 1912 ..... IJIS 

2. Quantitative Studies of Inheritance in Nicotiana Hybrids, by Thomas 

H. Qoodspeed. Pp. 87-168; plates 29-34. December, 1912 1.00 

3. Quantitative Studies of Inheritance in Nicotiana Hybrids II, by Thomas 

H. Goodspeed. Pp. 169-188. January, 1913 ,20 

4. On the Partial Sterility of Nicotiana Hybrids made with N. Sylvestrit 

as a Parent, by Thomas H. Goodspeed. Pp. 189-198. March, 1913..^ .10 

5. Notes on the Germination of Tobacco Seed, by Thomas Harper Good- 

speed. Pp. 199-222. May, 1913 25 

6. Quantitative Studies of Inheritance In Nicotiana Hybrids, III, by 

Thomas Harper Goodspeed. Pp 223-231. April, 1915 .10 

7. Notes on the Oermlnatlon of Tobacco Seed, II, by Thomas Harper Good- 

speed, Pp. 283-248. June, 1915 16 

8. Parthenogenesis, Paxthenocarpy, and Phenospermy In Nicotiana, by 

Thomas Harper Goodspeed. Pp. 249-272, plate 35. July, 1916 26 

9. On the Partial Sterility of Nicotiana Hybrids made with N. splvestm 

as a Parent, II, by T. H. Goodspeed and A. H. Ayres. Pp. 273-292, 
pi. 36. October, 1916 20 

10. On the Partial Sterility of Nicotiana Hybrids made with N, sylvestm 

as a Parent, HI: An Account of the Mode of Floral Abscission In the 
F, Species Hybrids, by T. H. Goodspeed and J. N. Kendall Pp. 293- 
299. November, 1916 - 05 

11. The Nature of the P, Species Hybrids between Nicotiana sylvestris and 

Varieties of ^'icot 1 anfl Tahacum, with Special Beference to the Con- 
ception of Reaction System Contrasts In Heredity, by T. H. Good- 
speed and R. B. Clausen. Pp. 301-346, pis. 37-48. January, 1917 45 

12. Abscission of Flowers and Fruits in Solanaceae with Special Reference 

to Nicotiana, by John N. Kendall. Pp. 347-428, pis. 49-53, March, 

1918 85 

13. Controlled Pollination in Nicotiana, by Thomas H. Goodspeed and Pirle 

Davidson. Pp. 429-434. August, 1918 *. 10 

14. An Apparatus for Flower Measurement, by T. H. Goodspeed and R. B. 

Clausen. Pp. 435-437, plate 54, 1 text figure. September, 1918 .05 

15. Note on the Effects of Dluminating Gas and its Constituents in Causing 

Ab.scission of Flowers in Nicotiaiia and Cifntft, by T. H. Goodspeed, 

J. M. McGee, and R. W. Hodgson. Pp. 439-450. December, 1918 15 

16. Notes on the Germination of Tobacco Seed, HI, Note on the Relation 

of Light and Darkness to Germination, by T. Harper Goodspeed. 

Pp. 451-455. April 1919 05 

Vol. 6. 1. Parasitic Florideae, by William Albert SetcheU. Pp. 1-34, plates 1-6. 

April, 1914 .35 

2* Fhytomorula regularis, a Symmetrical Protophyte related to Coclastrum, 

by Charles Atwood Kofoid Pp. 35-40, plate 7 April 1914 06 

3. Variation in Oenothera ovata, by Katherine Layne Brandegee. Pp. 41- 

50, plates 8-9. June, 1914 10 

4. Plantae Mexicanae Purpusianae, VI, by Townshend Stlth Brandegee. 

Pp. 51-77. August, 1914 J80 

5. The Scinaia Assemblage, by William A. Setchell. Pp. 79-152, plates 10- 

16. October, 1914 .76 


6* Notes on Pacific Coast Algae, 1: Fylaiella PateUiae, n. sp., a New Type 
in the Genas PylaieUa, by Carl Skottsberg. Pp. 153-164, plates 17-19. 
May, 1916 


.10 
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7. New anil Noteworthy Oallforiian Plants, li; hy Harvey Monroe Hall, 

Pp. 165476, plate 20. October, 1916 ,10 

8. Plantae Mexlcanae Purpnslanae, Vll, by T. B. Brandegee, Pp, 177407, 

October, 1916 ,fl0 

9. Floral Belatlons among the Galapagos Islands^ by A. L. Kroeber. Pp, 

199-220. March, 1916 dK) 

10. Tho Comparative Histology of Certain Califomian Boletaceae, by 

Harry S. Yates. Pp. 221-274, plates 21-25. February, 1916 AO 

11. A revision of the Yuberales of California, by Helen Margaret GUkey, 

Pp. 276-S56, plates 26-30. March, 1916 ,80 

12. Species Novae vel Minus Cognitae, by T. S. Brandegco. Pp. S57-3ei« 

April, 1916 - * .05 

13. Plantae Mexlcanae Purpnslanae, VIll, by Townshend Stith Brandegee, 

Pp. 363-376. March, 1917 16 

14* New Pacific Coast Marine Algae, I, by Nathaniel Lyon Gardner. Pp, 

377-416, plates Sl-35. June, 1917 40 

15. An Account of th4||lode of Foliar Abscission in Ctims, by Bobert W. 

Hodgson, Pp. 41P428. February, 1918 10 

16. New Pacific Coast Marine Algae, II, by Nathaniel Lyon Gardner. Pp. 

129-454, plates 36-37. July, 1918 .25 

17. New Pacific Coast Marine Algae, III, by Nathaniel Lyon Gardner. Pp. . 

455-486, plates 38-41. December, 1918 35 

18. New Pacific Coast Marine Algae, IV, by Nathaniel Lyon Gardner. 

Pp. 487-496, plate 42. January, 1919 10 

VoL 7. Notes on the Californian Species of Trillium. 

1. A Eeport of the General Besolts of Field and Garden Studies, lOlL 

1916, by Thomas Harper Goodspeed and Bobert Percy Brandt. Pp. 

1-24, pis. 1-4. October, 1916 .26 

2. The Nature and Occurrence of Dndoveloped Flowers, by Thomas Harper 

Goodspeed and Bobert Percy Brandt Pp. 25-38, pis. 5-6. October, 

1916 16 

S, Seasonal Changes In Trillium Species with Special Beference to tho 
Eeproductlve Tissues, by Bobert Percy Brandt Pp, 38-68, pis. 7-10. 

December, 1916 AO 

4. Teratological Variations of Trillium semle var. gipanteum, by Thomas 

Harper Goodspeed. Pp. 69-100, pis. 11-17. January, 1917 SO 
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